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Abstract 
The Boneyard Creek is located within Champaign and Urbana, Illinois, and serves 
as the primary conduit for transporting storm-water runoff out of Champaign-Urbana and 
the University of Illinois. Increased runoff caused by urbanization in the area has 
resulted in numerous damaging floods throughout the history of the two towns and the 
University. An effort is currently underway to improve the channel and floodplain 
characteristics within Champaign and the University of Illinois campus in order to reduce 
the flooding that occurs during an intense storm event. 
One of the identified bottlenecks for the channel as it enters the U of I campus 
from Champaign is the Wright Street culvert. In this area, the channel passes underneath 
a building before experiencing a drastic reduction in cross-sectional area as it enters the 
culvert. It is necessary to understand the role that the culvert system plays during flood 
events. 
To this end, a 1 to 16 scale physical model, based upon Froude similarity, was 
constructed. The model was initially calibrated against existing stage data for several 
storm events. The model was then tested with the initial channel geometry in place for a 
wide range of discharges in order to provide a basis with which to compare all future 
channel modifications. The second phase of testing involved examining the effects of the 
City of Champaign's Lamar Improvements upon flows within the modeled reach. Also 
examined was the role of a flow restrictor that is proposed for the Wright Street culvert, 
as well as the effects of downstream construction on flows through the culvert. The final 
phase of testing involved implementing the U of I Improvements to the channel and 
floodplain, including a floodwall to be located along the east side of Wright Street. 
The Lamar Improvements increased the ability of the culvert to convey flow, 
decreasing stages within Campustown while increasing the risk of downstream flooding. 
The flow restrictor tended to over-restrict the flow, causing undesirably increased stages 
within Campustown, while decreasing the flood risk on campus. The U of 
Improvements nearly achieved the desired level of protection for both Campustown and 
the U of I Campus, but there are some undesirable effects associated with the floodwall 
and flow restrictor that need to be examined further. 
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1 Introduction 
1.1 Background 
The Boneyard Creek is located in Champaign and Urbana, Illinois. The Boneyard 
flows east from Champaign, through the University of Illinois campus, and into Urbana 
where it joins the Saline Branch Drainage Ditch. Draining a 4.46 mi2 area, the Boneyard 
Creek serves as the primary conduit for transporting storm-water runoff out of 
Champaign-Urbana and the University campus. 
The history of flooding on the Boneyard Creek is long and well documented. 
Increased urbanization in the area has resulted in a dramatic increase in discharges during 
storm events, and the Boneyard has consistently proven inadequate to handle the flows. 
The most recent major flood event occurred during the summer of 1993 and resulted in 
several million dollars worth of damage to University buildings and equipment. 
The history of flood-control proposals and improvements to the Boneyard is 
almost as long as the history of flooding. Wilson (1978) describes a great deal of the 
Boneyard's history. Duiii~gthe 1950s, the northwest branch of the Boneyard, x~~hich 
drained approximately 1 mi2 of northern Champaign, was diverted directly to the Saline 
Branch in order to decrease discharges downstream. In 1957, a plan was conceived in 
which the grade line of the channel would be lowered by approximately 3 to 4 feet 
throughout its length, identified bottlenecks would be removed, and the channel bottom 
would be lined with concrete, using steel sheet piling for the banks. The work for this 
project began in 1963 and was completed in Urbana. Due to a lack of financial support, 
the work did not continue into Champaign or onto the University of Illinois campus as 
originally planned. 
Recently, hnding has been allocated in order to continue the flood-control 
improvements within Cirarapaign and A'-- T -C T l l : - ~ : n  0T-:v---c~.+-v ----TI 
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currently under construction by the city of Champaign include: construction of a 
detention basin and in-line detention storage in order to reduce the peak discharge during 
intense storm events, and modification of the channel in order to implement the lower 
grade line that was started in Urbana during the 1960s. Flood control measures planned 
by the University include, among other things, extending the channel grade line from 
Champaign to Urbana, some channel widening, and the construction of a floodwall at 
Wright Street. A full description of the improvements can be found in the Joint Agency 
Permit Application (1998). 
1.2 Motivation and Objectives 
A 1 to 16 scale physical model was constructed in the Hydrosystems Laboratory 
of the Department of Civil and Environmental Engineering at the University of Illinois. 
The model incorporates an approximately 600-foot-long reach of the Boneyard Creek 
centered on Wright Street and extends from Sixth Street in the west to the Everitt 
Laboratory service bridge on the University of Illinois campus in the east 
There were three primary research objectives defined for this model study. The 
first objective was to provide the University's design engineers with measured water- 
surface data and flow characteristics for the reach. This data could then be compared 
with computer modeling outputs used earlier for the design of channel and floodplain 
improvements. The second objective was to experimentally determine the value of 
various design parameters for the reach. Integral to the success of the flood-control 
project is the performance of a flow restrictor to be installed by the city of Champaign 
within the Wright Street culvert. In order to assure that the restrictor is properly 
designed, experimental measurements of the discharge coefficient had to be made. The 
third objective of the physical mode! was to act as a predictive tool. It was important to 
examine the effects that different stages of construction would have upon flow conditions 
and stages along the Creek. 
In order to klfill these objectives, several steps had to be taken. First, the 
topography of the selected reach must be accurately represented and constructed in the 
model. Second. the model must be calibrated in order to assure that the flow conditions 
that are developed are an accurate representation of the natural system. Third, the model 
must be tested with both existing and improved conditions to determine the effects that 
the channel and floodplain modifications will have upon flow conditions. 
Fundamental to the model study is the examination of the characteristics of a flow 
restrictor that is proposed for the Wright Street culvert and a floodwall that is to be placed 
along the east side of Wright Street. The flow restrictor is intended to protect the U of I 
campus and Urbana from increased discharges that may result due to channel 
improvements within Champaign. If the restrictor is not designed properly, it may over- 
restrict the flow, causing unnecessary flooding within Campustown. Therefore, it was 
important to examine the characteristics of the flow restrictor so that it is possible to 
refine its final design. The proposed floodwall also increases the water-surface elevation 
within Champaign in order to provide additional protection to the U of I campus. As 
with the flow restrictor, the floodwall may cause unnecessary flooding within 
Campustown as well as undesirable flow paths if it is not designed properly. 
This report is organized as follows. In Chapter 2, the design and construction of 
the model are described. In Chapter 3 ,  the flow parameters used and the procedures 
followed, both to calibrate and to verify the model, are detailed. In Chapter 4, flow 
observations for the existing channel geometry are presented and analyzed. In Chapter 5, 
flow observations made with the Lamar improvements in place, including the flow 
restrictor at the Wright Street culvert, are presented and discussed. In Chapter 6, the flow 
conditions that could develop during construction of the channel improvements are 
described with the goal of minimizing flood risk during such period. In Chapter 7, the 
flow behavior observations made with the University of Illinois channel improvements in 
place, are presented. In Chapter 8, a comparison of the different flood-improvement 
phases is made. In Chapter 9, a summary of the study, together with the main 
conclusions, are presented. 
2 Model Design and Construction 
2.1 Hydraulic Similarity 
For a hydraulic-model study to accurately represent the phenomena that occur in a 
natural system, three basic types of similarity must exist between a model and prototype 
system. Geometric similarity is satisfied if the length ratios for all corresponding 
dimensions between the model and prototype are equal. Kinematic similarity is satisfied 
if the ratios of the velocity and acceleration vectors are equal. Dynamic similarity is 
satisfied if the ratios of the force vectors between the prototype and model are equal. It is 
not strictly necessary to focus upon the constraints of kinematic similarity if dynamic 
similarity is achieved. If the force systems are similar, the velocities and accelerations 
developed due to these forces will be similar, therefore dynamic similarity implies 
kinematic similarity. Likewise, kinematic similarity implies geometric similarity. 
It is important to determine the hydrodynamic phenomena that control the flow in 
order to determine the similarity ratios that must be satisfied. A Froude model is 
appropriate in a system where gravitational forces primarily dictate flow behavior, as in 
most open channel systems. Froude modeling is based upon the concept that the Froude 
number, the ratio between inertial and gravitational forces, must be equal in both the 
prototype system and the model. Expressed mathematically, the Froude number is 
- v 
=- (2.i)
*/z 

where I .  is the mean flow velocity, g is the acceleration of gravity, and H is the mean 
flow depth 
The role of viscous forces is also important in flow through open channel systems. 
When \.iscous (frictional) forces control the flow behavior, it is necessary that the 
Reynolds number, the ratio of inertial to viscous forces, be equal in both the prototype 
and the model The Reynolds number for open channel flows can be expressed as 
R=- (2.2)
v 

where v is the lunematic viscosity of the fluid. 

In many cases it is impractical to hlly satisfy the requirements of both Froude and 
Reynolds similarity. This is not an issue provided the Reynolds number in both the 
prototype and the model are sufficiently high. The friction factor asymptotically 
approaches a constant value as the Reynolds number increases within the hlly turbulent 
flow regime. Thus, the role of the frictional forces in both the prototype and model can 
be considered nearly equivalent for hlly turbulent flows. Matching Froude numbers can 
be considered sufficient to provide an accurate hydraulic model when this is true. 
A geometric length scale of 16 to 1 was chosen for the model. This scale allowed 
the model to be built as large as possible while still satisfying space constraints in the 
laboratory. The following relationships were developed using the principle of Froude 
similarity: 
A, =L," = 256 (2.4) 
T, =L,'" = 4 (2.5) 
v,= L,'" = 4 (2.6) 
0,- = L:" = 1024 (2.7) 
n, =L,1/6 -- 1.587 (2.8) 
where L, is the prototype length scale, L, is the model length scale, L, is the length 
ratio, A, is the area ratio, T, is the time ratio, Vris the velocity ratio, Q, is the flow ratio, 
and n, is the Manning's roughness ratio. 
2.2 Model Basin and Water Supply Characteristics 
An approximately 40 by 20 foot reinforced concrete basin was constructed in the 
University of Illinois Hydrosystems Laboratory in order to hold the model. This basin 
was built with 4 inch thick reinforced concrete walls 2 feet in height. 
Water enters the model basin through a head box installed in the laboratory's 
drainage channel. After traveling through the model, the water empties into a 20 inch 
wide tailwater channel that drains by way of an adjustable leaf-gate into the model 
drainage channel. The model drainage channel redirects the water into the laboratory 
drainage channels and subsequently to the laboratory sump. Figure 2.1 is a design 
drawing of the model basin. 
Water is supplied to the head box and model by way of the laboratory's re-
circulating pump system. Water is pumped from the sump located underneath the 
laboratory to the constant head tank outside of the building. The water enters the lab 
from the head tank by way of a 14 inch pipe. The water is then transferred to a 6 inch 
PVC pipe that conveys it through approximately 90 feet to the model head box where it is 
released through a diffuser manifold. The 6 inch PVC pipe is equipped with a valve to 
control the amount of water that is supplied to the model. 
Discharge through the model is metered by two methods. A Dall flow tube 
installed in the 6 inch supply line is used for low discharges (laboratory flows less than 
0.50 cfs). A Dall flow tube installed in the 14 inch supply line is used for all discharges 
greater than 0.50 cfs. Each flow tube is attached to a separate manometer filled with 
manometer-blue fluid having a specific gravity of 1.75. A 65' V-notched weir is installed 
across the outlet of the model's drainage channel as a second method of measuring 
discharge through the model. It is possible to get a direct measurement of the discharge 
exiting the model by measuring the head developed by the weir. This measurement is 
taken using a point gage mounted over the weir. 
Both of the methods of metering flow, the flow tubes and the weir, were 
calibrated in place using a timed, volumetric measurement of the discharge exiting the 
model. Calibration data and curves have been included in Appendix I. 
2.3 Model Construction 
2.3.1 Topographic Modeling of Existing Conditions 
During March of 1998, the engineering firm of Berns, Clancy, and Associates 
completed a parallel, cross-sectional survey of the reach of the Boneyard Creek that was 
included in this modeling effort. These surveys were, in general, conducted 
perpendicular to an east-west running baseline at a average spacing of 16 feet (1 foot at 
model scale). The intent of these cross-sectional surveys was to provide detailed 
knowledge of the existing topography so that the channel and floodplain could be 
accurately represented and constructed in the model. 
Auto-CAD drawings of each of the cross-sectional profiles were made after all the 
survey data was collected. These Auto-CAD drawings were plotted at model scale, and 
along with scaled, plan drawings of the channel, were provided for use in the physical 
modeling effort. These scaled Auto-CAD profiles were overlain on 20 gauge sheet metal 
and the topographic profiles were cut from the sheet metal to form templates to be 
inserted into the model. L-shaped brackets were formed fiom 16 gauge sheet metal and 
attached to the floor of the laboratory along the proper model station. A survey level was 
used to determine the correct elevation for the templates in the model, and the templates 
were welded to the L-brackets using an electric spot welder. Figure 2.2 shows the 
location and station designation of the model cross-sections. 
It was then necessary to form the channel and floodplain topography with a 
reinforced concrete cap. First, it was important to fill the void space between the model 
templates so that a concrete cap of only two to three inches could be placed in the model. 
Conventional fill materials such as sand, pea-gravel, or cinder block were considered 
either cost-prohibitive or too difficult to remove when the model needed to be altered or 
dismantled, so the Civil Engineering Machine Shop developed a technique for placing 
plywood platforms supported by 2 x 4 columns between the templates to fill the void 
space. Once these platforms were in place, the channel and floodplain topography were 
formed. Figure 2.3 is a photograph of some of the model templates and plywood 
platforms in place during construction. Figure 2.4 is a photograph of a section of poured 
concrete channel. 
2.3.2 Garber's Cleaners Building and the Wright Street Culvert 
One important and complex aspect of the modeling effort was the presence of the 
Garber's Cleaners building spanning the channel and the Wright Street culvert. It was 
very important to model this section of the channel accurately because of the contraction 
of the channel cross section at the culvert's entrance and the non-uniform o-~eornetrv- - - - - of theJ 
stream bed. It was expected that this section of the model reach would be critical in 
determining the dynamics of the flow at large discharges. Within this section of the 
model, the channel bed was modeled and constructed as described in Section 2.3.1. The 
main complication to this section of the model arose from the presence of a number of I- 
beams that span the channel and are used to support the building above. It was necessary 
to place steel bars with a rectangular cross-section of equivalent scaled height and flange 
width as the beams that are underneath the building in the model. These "beams" were 
placed at the correct elevation and station along the channel bed. A rectangular piece of 
sheet metal was put in place over the beams and the footprint of the building was 
constructed on top of it. Figure 2.5 shows the beams in place before building 
construction. 
A similar method of construction was used for the Wright Street culvert portion of 
the model. The channel bed and culvert walls were constructed first in accordance with 
the template data provided. Next, a sheet metal plate was placed over the channel bed to 
provide support for the concrete cap and to provide a top to the culvert. The concrete cap 
was then put in place matching the contours of the road surface. 
Within this report, unless otherwise specified, the combination of the Garber's 
Cleaners building and the Wright Street culvert will be collectively referred to as the 
culvert system. 
2.3.3 Building Construction 
One consideration that was fairly unique to this hydraulic model was the presence 
of buildings within the flow-path of the water. Most physical-hydraulic models are built 
of non-urbanized areas, and large buildings are usually not a consideration. It was 
necessary in this model study to include the footprints or sections of footprints for five 
separate buildings as well as one bridge spanning the channel. In order to include these 
important obstacles in the model, the locations of the exterior walls were located with the 
aid of topographic surveys and were laid out at the correct locations in the model. The 
buildings were then built as solid obstacles to the flow. These buildings were shortened 
to an arbitrary height approximately equivalent to the top of the model basin wall in order 
to save on const_n_zct:tion materials. 
2.4 Measurement Benchmarks and Pressure Taps 
Numerous measurement stations were located along the channel and within the 
floodplain in order to determine the stage response within the model. A series of metal 
pins were attached to the model along the right, downstream bank of the channel at every 
model cross-section in which the channel was uncovered. The elevations of the tops of 
these pins were determined with a survey level and they served as benchmarks for 
measuring stage along the channel. The locations of these benchmarks have been 
illustrated on Figure 2.6. A series of measurement stations were also located within the 
floodplain. These locations have been shown in Figure 2.7. The elevation of the 
floodplain surface at these measurement stations was also determined by survey level. 
Stage measurements along the channel and within the floodplain were taken using 
a point gage mounted upon an aluminum cart. Thls cart spanned the model and allowed 
for longitudinal and lateral movement within the study area. First, for stage readings 
along the channel, a point gage reading was taken of the benchmark as a reference 
elevation. Next, three water surface measurements were taken over the channel, one in 
the left one-third, one in the middle, and one in the right one-third of the channel. These 
readings were averaged and referenced to the benchmark reading to determine the stage. 
The procedure was slightly different within the floodplain. The depth of water at the 
measurement locations was determined with the point gage. Stage was then calculated by 
adding the depth reading to the surveyed floodplain elevation. 
It was not possible to take direct point gage measurements of the water surface 
underneath the culvert system or the Everitt Laboratory (EE) service bridge due to the 
structures the channel. A h ttnn nf GRnon n r n c c i i r n  t ~ n n  thoTT am m n ~ ~ n t - l  
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channel bottom during model construction as a method of obtaining this very crucial data. 
Figure 2.8 shows the locations of the pressure taps in the model. These pressure taps 
were attached by way of flexible plastic tubing to a battery of measurement cups attached 
to the side of the model Stage measurements were taken with a movable point gage 
rnn~1ntp.l UVVahn l , ~.L the measuremefit cups. First, 2 reference reading was taken of 2L L I V U L I L k U  
benchmark sun-eyed onto the point gage mount. Then a reading was made of the water 
surfaces within the manometer cups once they had reached their equilibrium elevations 
and stage was calculated. 
2.5 Movable-Bed Section 
A movable-bed section was placed downstream of the Wright St. culvert between 
model stations 3+77.64 and 5+71.47. The intent of the movable bed was to provide a 
tool for verifying the model. A large sand and gravel bar had formed along the right, 
downstream bank of the channel within this reach. This bar should be reproducible 
within the model if the sediment supply and culvert exit conditions are correct. 
Unfortunately, this validation technique was not used in the model study. It 
would have been necessary to seed the flow upstream of the culvert with fine sediment in 
order to form the bar. The presence of the manometer taps within the culvert system 
made this procedure too risky to attempt. It would have been extremely difficult to clean 
the pressure taps underneath the culvert if they had become clogged by sediment. Thus, 
it was considered more expedient to forego this method of model verification than risk 
losing crucial data within the culvert system. 
Initially, 1 mm diameter sand was placed within the movable bed section. This 
sand was replaced with pea-gravel after the model verification attempt was abandoned. 
The pea-gravel was placed in the model because it was more difficult to move than the 
sand. It was also easier to form the prevalent channel bed geometry with the gravel. 
Although the movable-bed section did not prove to be a useful verification tool, it 
did prove to be useful in a later stage of the model testing. With the movable bed it was 
possible to qualitatively examine some of the effects of the proposed flow restrictor on 
downstream channel geometry (Section 5.4.2.2). 
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3 Flow Parameters and Model Verification/Calibration 

3.1 Model Boundary Conditions 
3.1.1 Input Discharge 
An important step when preparing to test any physical model is determining the 
correct boundary conditions to impose upon the model. One of the two boundary 
condition that were imposed on the Boneyard Creek model was the input discharge into 
the model basin. 
A set of frequency-discharge relationships were developed for the model reach 
based upon Camp, Dresser, and McKee's SWMM modeling information presented in the 
Joint Agency Permit Application (1998). The first frequency-discharge relationship, 
presented in Figire 3.1, was developed for the channel reach prior to any flood control 
improvements within the watershed and shall be referred to as the pre-improvement 
discharge. These flows were important in order to characterize the response of the 
channel reach prior to the implementation of any channel improvements or storm-water 
detention measures within the watershed. 
The second frequency-discharge relationship, presented in Figure 3.2, was 
developed for what shall be referred to as the post-improvement discharge. The 
discharse values for this relationship were determined assuming that the Healy Street 
detention basin and the Lamar in-line storage improvements in Champaign are fully 
operational and effectively decreasing peak discharges downstream. These flows were 
especially important to the model study. The channel improvement designs are based 
upon providi n flood protection for the 25 year, post-improvement storm event within 
Champaign and the 100 year, post-improvement storm event within the U of I campus. 
These discharge values were used in order to characterize the ability of the channel 
improvements to provide the specified level of flood protection. 
It was necessary to test a large range of flows within the model due to the extreme 
variability in the discharges that are seen in the creek for an extreme storrn event. In 
order to capture all of the flows of interest, discharges ranging between 300 cfs (1 year 
storm event, post-improvement) and 1500 cfs (100 year storm, pre-improvement) were 
tested in the model. The return periods for the discharges that were tested in the model 
are presented in Table 3.1. 
3.1.2 Tailwater-Rating Curve 
The second boundary condition that was imposed upon the model was the water- 
surface elevation (stage) encountered at the model's exit. In most mild gradient streams, 
such as the Boneyard Creek, the flow profile within a given reach is determined not only 
by the magnitude of discharge in the channel but also by backwater effects developed by 
downstream geometry. It was necessary to determine from available field data the stages 
that would occur at the model's exit for a range of flows since it was not possible to 
incorporate all of the important downstream geometry in the model. This tailwater-rating 
curve, once determined, was easily imposed upon the model as a boundary condition. It 
only became necessary to adjust the height of the leaf gate so that the stages observed at 
the model's exit matched those predicted by the rating curve. 
A field rating curve was available for the Boneyard at the U.S. Geological 
Survey's (USGS) gaging station 03337000, Boneyard Creek at Urbana, Illinois. This 
gaging station, located approximately 300' downstream of the EE service bridge, 
provided a starting point for the backwater analysis used to determine the tailwater rating 
curve. Two methods of analysis were performed in order to determine the backwater 
profiles that exist between the gaging station and the model exit. The first analysis used a 
series of Hydraulic Performance Graphs (HPGs) developed by Yen and Gonzales (1995) 
to determine the flow profiles for a range of discharges. The second analysis used a 
HEC-RAS model of the channel reach to determine the flow profiles. Cross-sectional 
data and Manning's n values for the HEC-RAS modeling effort were obtained from the 
Yen and Gonzales report. A tailwater rating curve was developed for model station 
5+99.42 (within the tailwater channel) from an average of the two backwater analyses. 
Table 3.2 and Figure 3.3 show the tailwater-rating curve that was used for the first stage 
of the model study. 
A difficulty with the tailwater-rating curve calculation occurred for discharges 
greater than 800 cfs. The backwater calculations for both analyses indicated that the flow 
went over-bank between 700 and 900 cfs. It was no longer possible to accurately 
calculate the tailwater elevation once over-bank flow had occurred due to a lack of 
topographic information in the floodplain. Thus, it became necessary to establish a 
procedure to determine the tailwater stage for these higher flows. Once the leaf gate 
position had been established for the 800 cfs flow, it was left in that position for all 
higher discharges and the tailwater stage was allowed to adjust itself. This was 
considered to be a reasonable approximation because it was felt that the EE service 
bridge would start to control stages within the model for high discharges. This was due 
to the decrease in the channel area that occurs as the flow passes underneath the bridge. 
3.2 Model Verification and Calibration 
3.2.1 Motivation 
It is often found that a physical model will have a slightly different hydraulic 
roughness than the prototype system. This is due to the inability of the model to capture 
all of the detail that exists in the channel and floodplain, as well as differences in the 
materials that compose the prototype system and the model. Thus, it becomes necessary 
to verify that the model accurately represents the prototype system once appropriate 
boundary conditions have been determined and imposed upon the model. It is very 
important to check the model's behavior against observed data for a variety of flow 
conditions. Any discrepancies can then be identified and slight modifications can be 
made to model roughness in order to assure that the model accurately represents the 
prototype system. To this end, a calibration procedure was developed and implemented 
for the Boneyard model utilizing data provided by the Illinois Department of Natural 
Resources - Office of Water Resources (IDNR-OWR), formerly the Illinois Department 
of Transportation, and the USGS. 
3.2.2 IDNR-WRD Crest-Stage Data and USGS Storm Hydrograph Data 
mm-eTminstalled 13 pe& crest-stage gages along the leiigLhof the 
Boneyard Creek in October, 1992. The gage identified as number 8, "In Champaign 
upstream of the Wright Street behind Garber's Cleaners on the left upstream steel piling 
wall", as described in an IDNR memorandum (1992), is located approximately at model 
station 1+60 near the middle of the modeled reach. This gage provided direct 
measurements of peak stages for several storms events. 
Stream flow hydrographs were obtained from the USGS gaging station for the 
storm events for which IDNR had peak-stage data. A peak discharge for the storm was 
determined from these hydrographs and this data was coupled with the peak-stage data to 
determine rating information at the IDNR gage. This rating curve was used to verify 
stages developed in the model at this location. 
It was usefil to check the model's stage response at one other location in the 
model. A point was chosen downstream of the culvert's exit, at model station 4+04.29. 
It was important to isolate the culvert system and determine if it was behaving correctly 
because it was considered the most susceptible to variations in channel roughness and 
was one of the primary focuses of the modeling effort. Data obtained previously from the 
~rnnT T ~nrvf-L-&sn backfl-atei to verify stages at ibis location since there 
was no field data available. Table 3.3 shows the dates, peak stages, and peak discharges 
for the five storms that were used in the calibration process at both the IDNR gage site 
and the downstream location at model station 4t-04.29. 
3.2.3 Model Verification and Calibration Results 
The results of the initial check of model stage response is summarized in 
Table 3.4 for the IDNR crest-stage gage location and station 4+04.29. It is seen fiom this 
data that the stages produced in the model underestimate those observed in the field by 
0.14 to 0.48 feet. 
It was considered possible to improve these results by increasing the model 
roughness, even though the "as is" condition was a fair representation of the observed 
stages. Additional roughness was added to two locations in the model to address specific 
areas of concern. 
In order to increase the roughness, and thus the observed stages downstream of 
the cuivert, 5 i i6  inch thick baiier beiting was attached to the channei waiis. The bailer 
belting is comprised of a 1/8 inch thick rubber belt with a 3/16 inch raised diamond 
pattern. The section of the channel downstream of the culvert has nearly vertical walls 
formed by a terraced stone retaining wall. It was not possible to incorporate all of the 
detail or roughness associated with this type of channel wall in the model because of the 
construction techniques that were used. It was felt that placing the bailer belting along 
this section of channel would better emulate conditions in the field. 
The other section of the model that needed to be modified in order to increase 
channel roughness was underneath the culvert system. This section of the channel is very 
irregular and filled with rubble and debris that has a great effect on the hydraulic 
roughness. A photo of this channel section is shown as Figure 3.4. A sheet of steel 
chicken wire was place along the bottom and sides of the channel within the culvert 
system in order to better emulate the effects of this debris. 
The results of the model verification tests after calibration are summarized in 
Table 3.5. A comparison of the pre- and post-calibration stage results are presented in 
Figures 3.5 and 3.6 for the IDNR gage location and station 4+04.29 respectively. The 
model's stage results agree much more closely to the observed field stages after model 
calibration. Differences in stage at the IDNR gage vary from -0.10 to 0.22 feet. The 
additional roughness added downstream of the culvert had little effect upon the stages 
observed. The agreement in the stage data at station 4+04.29 was considered adequate 
for the purposes of the model study since the field stages were determined by HPG 1 
HEC-RAS analysis with no corroborative field measurements. 
Table 3.1. Approximate Retu =n Periods -Pre- and Post-Improvement Discharges 
Pre-Improvement Post-Improvement 

Return Period Return Period 

Table 3.2. Existing 
Discharge HPG Stage 
(cfs) (* above (* 
300 712.23 
400 712.77 
500 713.37 
600 713.89 
700 714.55 
800 N/A 
Note: HPG analysis indicated overbank flow 
800 cfs hscharge 
Table 3.3. Storm Events Used in Model Calibration 
Date Fieid '~odei  Observed Stage Caicuiated Stage 
Discharge Discharge @ DNR gage @ Station 4+04.29 
(cfs) (cfs) (ft above datum) (ft above datum) 
June 12. 1997 379.14 0.37 713.80 713.3 1 
June 16. 1996 451.94 0.44 714.32 713.75 
hlay 27. 1996 520.48 0.51 714.22 714.16 
April 26, 1994 589.84 0.58 714.60 714.56 
April 11. 1994 693.21 0.68 715.36 715.19 
- -  - 
Table 3.4. Initial Model Verification Results 
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Table 3.5. Final Model Verification Results 
Prototype 
Discharge 
(cfs) 
379.14 
451.94 
520.48 
Field 
Stage 
(ft above d a r n )  (fi 
713.8 713.71 
714.32 7i4.i% 
714.56 714.54 
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4 Existing Channel Geometry 

4.1 Motivation 
The model was initially tested with the existing channel geometry in place. This 
was done in order to determine the existing flow behavior so that the effects of later 
modifications could be evaluated. The initial behavior can act as a basis for comparing 
the effects of all fbture modifications. 
Two sets of data were collected with the existing channel geometry in place. The 
first set of measurements were taken with the hl ly calibrated channel roughness in place 
within the culvert system and will be referred to as the Existing Condition. The second 
set of measurements were taken without the additional roughness in place underneath the 
culvert system and shall be referred to as the Pre-Calibration Condition. It was 
considered usehl to examine a case in which the prevalent channel geometry was in 
place but the channel roughness was decreased. This would correspond to a hypothetical 
situation in which the channel had been cleaned and the debris removed. It was possible, 
with this exercise, to examine the some of the mechanisms that control flow behavior 
within the culvert system. 
4.2 Existing Condition 
4.2.1 Stage Data 
Water surface profiles were measured every 100 cfs for flows ranging from 300 to 
1500 cfs for the Existing Condition. Measurements were taken using a point gage, either 
directly or using the manometers as outlined in section 2.4. A plot of the measured 
water-surface profiles is presented in Figure 4.1. This data is also presented in tabular 
form in Table 4 1 .  Stages and depths were measured within the floodplain for discharges 
larger than 800 cfs. This data is plotted in Figures 4.2 through 4.9 and is summarized in 
Table 4.2. 
Over-bank flows upstream of the culvert system were first encountered between 
700 and 800 cfs. The approximate return period for the initiation of over-bank flow can 
be determined from Table 3.1. The combined effects of the tailwater elevation and head 
losses through the culvert system forced stages to increase above bank-full elevation 
upstream of Garber's Cleaners. This over-land flow traveled through the parlung lot west 
of the Gaseous Electronics Lab before traveling eastward on Healy Street and rejoining 
the channel downstream of the culvert. 
Stages downstream of the culvert were high enough to cause water to spill over 
the small berm along the north bank of the channel at 800 cfs, as well. This water ponded 
in the low lying area, developing a re-circulating flow pattern at higher discharges due to 
the rapid movement of flow in the main channel and the input of flow from Healy Street. 
The model could also be used to deterrnine the discharge at which the flow will 
pose a flood risk to Talbot and Everitt Labs. Flood waters first reached the outer walls of 
Everitt Lab at a discharge of 1 100 cfs. Water overtopped the south bank of the channel 
downstream of the culvert and was flowing against the building. Talbot Lab first 
experienced a flood risk at a discharge of 900 cfs. The momentum of the flow traveling 
down Healy Street caused the water to flow against the western face of the building at 
this level of discharge. The Talbot Lab loading dock experienced a flood risk at 1300 cfs. 
Stages in the model caused water to back up along the south wall of the building and 
pond in the loading dock area. 
4.2.2 Culvert System Behavior 
Various aspects of the culvert system's behavior can be evaluated from the stage 
data that was collected. Determining the role that the culvert system plays in flood events 
on the Boneyard Creek is a very important aspect of the model study. In order to 
determine that role, it is necessary to calculate the flow capacity for the culvert system as 
well as  the channel roughness. 
4.1.2 1 Head-Loss Relationships 
.4s discharge through the culvert increases, the flow in the culvert should make a 
transition from f i~ l l yopen-channel behavior to pressurized flow behavior. In order to 
examine the role that the culvert system plays in upstream flooding, it is important to 
determine the discharge at which this transition occurs. 
Head losses within the culvert system should increase dramatically as a function 
of discharge once this transition has occurred. This is because the cross-sectional area of 
the flow becomes constrained by the area of the channel bed underneath the culvert 
system. When the culvert was flowing completely full, an increase in the discharge 
through the culvert resulted in an increase in the flow velocity due to continuity. The 
increased velocity caused an increase in the head loss experienced by the flow since both 
entrance and frictional losses are a function of the velocity squared (i.e., velocity head). 
A head loss vs. discharge (AH vs. Q) relationship was experimentally determined 
for the culvert system using the stage data collected with the help of the model. The head 
loss between model stations 2+06.13 and 3+89.04, and 2+85.70 and 3+84.06 was plotted 
as a hnction of the total discharge through the culvert in Figure 4.10. Two sets of 
measurement stations were chosen in order to corroborate the data, using both direct 
point gage measurements and manometer readings. 
A substantial change in the culvert's behavior should be indicated by a change in 
the AH vs. Q relationship. Both relationships exhibited this change at a discharge of 700 
cfs. Due to the increases in the AH vs. Q relationships for discharges greater than 700 
cfs, it can be asserted that the culvert has made a transition from filly open-channel to 
pressurized flow behavior.. 
Of primary interest to the model study was the portion of the AH vs. Q 
relationship that corresponds to pressurized flow (the relationship at high discharges). A 
large portion of the flooding that occurs upstream of the culvert system is caused by the 
increased head losses associated with pressurized flow. Stages upstream of the culvert 
system increase dramatically due to the increased head loss within the culvert system. 
Once these stages increase above bank-fill elevation, flooding occurs in Champaign. 
It was no longer possible to experimentally determine the shape of the AH vs. Q 
relationship once over-land flow had occurred in the model. The AH vs. Q relationship 
was derived assuming that the entire input discharge to the model was passing through 
the culvert. This assumption was no longer valid once over-land flow had occurred. 
4.2.2.2 Culvert Flow Capacity 
Using the two relationships developed in Section 4.2.2.1, it was possible to 
determine the magnitude of the discharge going thxough the culvert system and the 
floodplain once over-land flow had occurred. In order to perform this calculation, it was 
necessary to assume that the head-loss relationship does not change with the occurrence 
of over-land flow. The following two relationships were determined from Figure 4.10. 
M2+06. 13-3t89.04 
Qcu~vert -! (4.1) - 8.65 87x10-l6 
The measured head loss was used to calculate the culvert capacity, with the remaining 
portion of the total discharge traveling through the floodplain. The calculated flow 
division between the culvert and the floodplain is presented in Table 4.3. Also included 
in this table is an average maximum flow capacity for the culvert system. 
The data from Table 4.3 indicates that the culvert has a maximum capacity of 808 
cfs. Once the discharge is increased above this value, the remainder of the flow will 
circumvent the culvert by way of the floodplain. 
4.2.2.3 Darcy-Weisbach Friction Factor and Manning' s n 
A Darcy-Weisbach friction factor and Manning's n value could be calculated for 
the Wright Street culvert once the discharge through the culvert system had been 
determined. Using the calculated culvert discharge and the known cross-sectional area of 
the culvert, it was possible to determine a cross-sectionally averaged flow velocity using 
the continuity equation: 
0
y== (4.3)A 
Since the length of the culvert wass known, it then became possible to use the 
measured head loss to calculate a friction factor utilizing the Darcy-Weisbach 
relationship : 
wheref is the friction factor, g is the acceleration of gravity, hi.is the head loss, Rh is the 
hydraulic radius, L is the culvert length, and V is the cross-sectionally averaged velocity. 
It was rather simple to determine an equivalent Manning's n value from the 
friction factor. The Manning's n value was calculated using the relationship: 
where K,is the Manning's constant of 1.486 or 1.0 in english or metric units respectively. 
The calculations used to determine the friction factor and Manning's n are presented in 
Appendix 11. 
The calculated culvert friction factors and Manning's n for the prototype and 
model scales are summarized in Table 4.4 along with the Reynolds number calculated for 
each flow. 
The friction factors for the prototype and model systems have been plotted on a 
Moody diagram in Figure 4.11. This was done in order to check that both of the flows 
are within the hlly turbulent flow regime. This figure indicates that the Reynolds 
numbers are high enough for both flows to place then within the hlly turbulent flow 
regime. Thus, the initial assumption that the differences in Reynolds number or viscous 
effects can be ignored is valid. 
4.2.2.4Culvert System Pressures 
Once the culvert system becomes surcharged, the flow will exert uplift pressures 
on the floor slab of Garber7s Cleaners and the culvert invert. These pressures, if they 
become too large, could potentially cause structural damage to the culvert system. 
Although damage to the Wright Street culvert is unlikely--culverts are designed to 
withstand surcharged flow--Garber7s Cleaners could experience serious damage if the 
magnitude of the uplift pressures becomes large. 
Due to the presence of storm sewers and other outlets, it is unlikely that the actual 
pressures experienced in the field will be of the same magnitude as those measured in the 
model. It is still important, though, to determine the magnitudes of the pressures within 
the model because they can be indicative of other problems that may occur. The storm 
sewers that act to release the pressures that build up under the culvert system can 
potentially contribute to street flooding. If the hydraulic head of the flow underneath the 
culvert is higher than street elevation, the storm drains and manholes will surcharge, 
causing flooding even if over-bank flow has not occurred. 
The upward pressures on the culvert were computed using the manometer 
measurements made within the culvert system and the known elevation of the culvert's 
ceiling. An uplift pressure was encountered when the measured hydraulic head was at a 
higher elevation than the invert of the culvert. The pressures were calculated by 
multiplying the height of the hydraulic head above the culvert invert by the specific 
weight of water (y = 62.4 lb/fi3). 
The average elevations of the culvert ceiling, as determined from survey data, are 
as follows: 719 feet for the culvert ceiling underneath Garber7s Cleaners, from Station 
2+06.13 to 2+9 1.16; 717 feet for the culvert's entrance, from Station 2+9 1.16 to 2+96.3 6; 
and 715.5 feet for the culvert to its exit, from Station 2+96.3 6 to 3+77.84. 
For the Wright Street culvert, it was possible to have a downward pressure caused 
by the water on the steet as well as an upwared pressure caused by flow within the 
culvert. It was necessary to make some assumptions in order to calculate the net pressure 
on the culvert. The water on Wright Street was assumed to exert a hydrostatic pressure 
on the road surface. Also, the water elevation on Wright Street was assumed to be 
uniform and equivalent to the measured elevation at station H. The net pressure was the 
difference between the upward pressure caused by the culvert flow and the downward 
pressure caused by overland flow. 
The net pressures on the culvert invert are summarized in Table 4.5. Pressures 
were calculated at the manometer locations underneath the culvert system. Ths  data is 
also presented graphically for discharges of 800, 1000, 1200, and 1400 cfs in Figures 
4.12 through 4.15. The magnitude of the pressures between manometers were 
determined by linear interpolation. 
Pressures first developed at the upstream end of the Wright Street cuvlert at a 
discharge of 800 cfs. The pressures increased as the discharge increased, and they 
reached a maximum measured magnitude of 119 lb/ft2 within the culvert for a discharge 
of 1500 cfs. Garber's Cleaners first experiences an uplift pressure at 1000 cfs and has a 
maximum pressure of 143 1b/ft2 at a discharge of 1500 cfs, located at the upstream face of 
the building. 
4.2.3 Effects of the EE Service Bridge 
The role of the EE service bridge in controlling flow stages was studied using the 
model. There are two mechanisms through which control will be established at the 
bridge for large discharges. One control mechanism is the contraction loss associated 
with the decrease in cross-sectional area as the channel passes underneath the bridge. 
The other control mechanism is surcharging of the flow as it passes underneath the 
structure. Similar to the behavior exhibited by the culvert system at large discharges 
(Section 4.2.2.I), head loss at the bridge should increase dramatically once surcharging 
has occurred. 
It was not possible in the analysis of the EE service bridge to separate the effects 
of the contraction and frictional losses. Thus, head-loss calculations reflect the 
contributions of both of these mechanisms. The AH vs. Q relationship for the EE service 
bridge was developed and is presented in Figure 4.16. Head loss was calculated across 
the bridge structure between model stations 5+59.05 and 5+99.42 (the tailwater 
measurement station). From Figure 4.16, the effects of the EE service bridge are first 
experienced at a discharge of 1000 cfs. Beginning with this discharge, the head loss 
across the bridge dramatically increases for an incremental increase in discharge. This 
implies that the magnitude of the discharge traveling under the bridge becomes more 
important than tailwater elevation in controlling stages within the model. 
Another indication of the role that the EE bridge plays controlling stages within 
the reach is the calculation of the channel conveyance factor. The Manning's equation 
takes the form 
T 7  
where Sf is the friction slope. Separating out the friction slope and combining the rest of 
the variables into on variable, K,the Manning's equation takes the form 
Q = KS:/~ (4-7) 
where K is the channel conveyance factor. 
The channel conveyance factor is an indication of the ability of the channel to 
transport water based upon geometric parameters and roughness characteristics. Channel 
roughness, cross-sectional area, and hydraulic radius are all taken into account. A high 
value of the conveyance factor indicates that a large discharge can be transported through 
the channel for a given value of the friction slope. Stated another way, a high 
conveyance factor indicates that a given discharge can be carried by the channel with less 
energy loss. 
It was necessary to determine the average friction slope across the EE bridge for 
different discharges in order to calculate the conveyance factor. The friction slope was 
calculated by dividing the head loss between stations 5+59.05 and 5+99.42 by the 
logitudinal distance between them. The conveyance factors were then calculated for the 
EE service bridge at different discharges and are summarized in Table 4.6. 
This data demonstrates that, in general, the conveyance factor increases for 
discharges up to 800 cfs and then decreases. Prior to 800 cfs, increases in the cross- 
sectional area of the flow allowed increased discharge through the EE service bridge with 
minimal increases in head loss. The decrease in the conveyance factor for discharges 
above 800 cfs can be explained due to surcharging of the flow underneath the bridge. It 
is no longer possible to increase the cross-sectional area of the flow once surcharging - - has 
occurred because the flow is confined by the bridge structure. Thus, average velocities 
underneath the bridge increase as discharge increases due to continuity. Frictional and 
entrance losses, which are both functions of the flow velocity squared, increase with the 
flow velocity. 
4.2.4 Flow-Visualization Study 
A flow visualization study was performed in order to better understand the flow 
patterns that are developed once overland flow has occurred. For this study, the flow was 
seeded with paper confetti and a digital video was taken from above the model of the 
resultant flow patterns Some observations are discussed below. 
4.2.4.1 800 cfs Discharge 
Several distinct flow patterns developed upstream of the culvert system for the 
800 cfs flow. After entering the model, the water followed the channel until 
approximately model station 0+46.93. A large portion of the flow was diverted from the 
channel at this location and traveled north-east into a parlang lot. A split in this overland 
flow occurred at the south-west comer of the Gaseous Electronics Lab. A portion of the 
overland flow traveled along the south face of the Metal Shed and rejoined the channel. 
The bulk of the flow from this split traveled along the west face of the Gaseous 
Electronics Lab toward Healy Street. 
A large re-circulating flow pattern was observed in the parking lot west of the 
Gaseous Electronics Lab. This re-circulation was driven by the rapid movement of the 
flow within the channel and by the northerly movement of the overland flow toward 
Healy Street. 
Two distinct flow patterns were observed immediately upstream of Garber's 
Cleaners. As the flow approached the entrance to the culvert system, it did so near the 
centerline of the channel. Two rapidly re-circulating vortices developed along the west 
face of the building due to the increased stage upstream of the culvert system and the 
boundaries imposed by the buildings. These vortices developed along either bank of the 
channel and were driven by the rapid velocity of the water entering the culvert system. 
The vortex along the north bank of the channel also caused a counter-clockwise re- 
circulation to occur around the structure of the Metal Shed. 
Water spilled onto Healy Street fiom the parking lot primarily between model 
stations 0+23.98 and 0+66.66. The water proceeded to travel east down Healy Street 
with the most rapid velocities occurring just north of the street's centerline. The flow 
continued to travel east across Wright Street until it reached the eastern curb. At this 
point, the flo\i9 turned southward and traveled for a short distance along Wright Street. 
The water again turned toward the east between floodplain measurement point F and the 
north end of the culvert exit. The water that entered the depression between Talbot and 
Everitt labs rejoined the channel around model station 4+74.05. The eastern half of the 
depression was relatively stagnant. 
The water exiting the culvert tended to hug the southern channel bank. At the 
northern comer of the culvert exit, another strong re-circulation pattern was observed. 
This re-circulation was fed by the overland flow rejoining the channel off of Wright 
Street and the rapid movement of the water within the channel. 
The primary flow patterns discussed in this section are illustrated schematically in 
Figure 4.17. 
4.2.4.2 1000 cfs Discharge 
The flow patterns observed for the 1000 cfs flow were similar to those that 
occurred at 800 cfs. Upstream of the culvert, the majority of flow once again split from 
the channel around station 0+46.98. At this discharge, the secondary split of the overland 
flow at the south-west corner of Gaseous Electronics Lab had disappeared due to the 
extreme hyper-elevation of the water surface at the culvert face. 
The water entering Healy Street now does so along the entire northern edge of the 
parking lot between the Gaseous Electronics Lab and the model basin wall. The most 
rapid flow onto Healy Street occurred between stations 0+66.66 and 1+24.0 1. Once on 
Healy Street, the most rapid velocities were observed over the north curb rather than 
along the centerline as was seen previously. The momentum of the flow entering Wright 
Street caused the water to enter the depression south of Talbot directly rather than follow 
the curb as was seen at 800 cfs. The flow distributed itself between the Talbot service 
drive and the culvert exit, traveling south-east into the depression. The flow again 
rejoined the channel at approximately model station 4+74.05. 
Flow patterns at the downstream end of the culvert were similar to those observed 
for the 800 cfs flow. 
The flow patterns discussed for the 1000 cfs flow are illustrated in Figure 4.18. 
4.2.4.3 1200 and 1400 cfs Discharge 
The flow pattern observed for the 1200 and 1400 cfs flows were similar to those 
developed for the 1000 cfs flow. 
4.3. Pre-Calibration Condition 
The second phase of testing performed with the existing geometry in place was 
the Pre-Calibration Condition. For this phase of testing, the additional roughness added 
to the culvert system during model calibration had been removed (Section 3.2.2). Data 
was only taken for completely channelized flows for the pre-calibration phase of testing. 
4.3.1 Stage Data . . 
Figure 4.19 is a plot of the measured water-surface profiles for the pre-calibration 
condition. This data is also summarized in Table 4.7. 
4.3.2 Existing -Pre-Calibration Condition Stage Comparison 
In order to examine the effects that decreasing the model roughness had upon the 
flow, it is beneficial to compare the measured rating curves at specific measurement 
stations. Figures 4.20 through 4.26 show the Pre-Calibration and Existing Condition 
rating curves for measurement stations 0+66.66, 1+45.3 1, 2+06.13, 2+85.70, 3+05.70, 
3+71.97, and 3+89.04, respectively. The rating curves presented are characteristic of 
those seen at measurement stations along the entire length of the channel. 
The effects of increased channel roughness can be determined from these figures 
for different locations in the model. Upstream of the culvert, at measurement station 
0+66.66 and 1+45.3 1 (Figures 4.20 and 4.21), a nearly uniform increase in stage was 
observed for the Existing Condition at any given value of discharge. This indicates that 
any modifications that are made to the culvert roughness will affect stages upstream of 
the culvert system similarly for all discharges. 
Continuing downstream, it is possible to isolate the locations in the culvert system 
where the primary head losses occur. This is done by comparing the stage differences 
between the Pre-Calibration and Existing Condition for measurement stations 2+06.13, 
2+85.70, 3+05.70, 3+71.97, and 3+89.04. At station 2+06.13 (Figure 4.22), there is 
observed a fairly uniform increase in stage between the Pre-Calibration and Existing 
Condition for all discharges. Once the flow enters the culvert and reaches station 
2+85.70 (Figure 4.23), the increase in stage is observed for low discharges but disappears 
as the discharge through the culvert increases. Differences in stage are decreased for all 
discharges by the time the flow reaches stations 3+05.70 and 3+71.97 (Figures 4.24 and 
4.25), and is gone once the flow reaches station 3+89.04 at the downstream end of the 
culvert (Figures 4.26). 
The decrease in stage difference between the entrance to Garber7s Cleaners and 
the entrance to the Wright Street culvert indicated that the majority of the head loss 
associated with the additional roughness occurs under the building and not within the 
culvert proper. 
The behavior observed at station 2+85.70 (Figure 4.23) gives an indication of the 
head-loss mechanisms that dominate flow behavior at different discharges. There is a 
substantial increase in the stage between Pre-Calibration and Existing Condition at low 
discharges. As the flow increases, the stage difference decreases and is gone at a 
discharge of 700 cfs. This behavior indicates that frictional losses associated with bed 
roughness are no longer dominant at high discharges. Once the culvert becomes 
surcharged, the primary roughness elements are no longer on the bed. The beams that 
span the channel are the primary sources of roughness and drown out the effects of the 
bed roughness. This causes equivalent head losses for both conditions at high discharges. 
m a C 4 F 
? c " V  " . O  
+dl--
m m C s z 
P P P  P P 
00 P 'n c7-
eP.= 2:0 0 C 3 
m m c  
P P  P 
ad-< 
m m c  
P P P  
*a01 
r? -. 
O O C  
m m c  
P P P 
P Ga v 
m 3 C I  
P P t-
met-
- ? Y F  
m m w  
3 4 7-
P P t-
CY 'n 7-
0000OC 
d d r -
P P t-
d- a t-2 2 ;  
d 3 7 
Pet -
* 
2 
'n 
2 y! c 
3 3 7-
P P t -
N P t -
m2 2 ;
d F 
P P t -
a P C 
'?'?t-

2 2 2  

FP t-
* OO Q 
3 d r -
FPP 
+ d- 0 
F 
P P  
O\ d 

2 2 
4 F 
P
-
P 
(C 
a ;:
4 F 
P P 
m \f 
32: 
F 
P P  
00 -
NOC 
w P 
d 7  
* 
P P
-
0 9 -
2 z 

P P 
d- fi 
-

'n. 
2 $ 
P P  
P P 
qV '
'n lr
+ F 
P P  
P e
X 2 
3 7 
P P 
'n lr 
'? -
2 2 

P P 
\D OC 
0 9 - 

+M (C F 
P t-
el v: 
'? -?** O C  
m m c c  m  H
+ d F d 7 
P P t- P t-
Vl o 
2 
'n+ 00+ 
P J  m 
1 

- - - - 
- -- - - --- 
Tal (Continued) 
Measurement St;tlior~ Stage (ft above datum) 
14t26.02 712 0 7  1717.11 1713.571 714.04 716.00 1 716.24 1 716.58 1 716.90 1 717.30 1 717.76F-
* Tailwater measurement station 
-
Table 4.2. Measured Floodplain Water-Surface Data -Existing Condition 
Measurement Discharge (cfs) 
Location 800 I 900 1000 I 1100 I 1200 I 1300 I 1400 
I Depth Stane I Depth Stane Depth Stage Depth Stage
-
719.84 
Note: "--" indicates no water at this locati bn for this discharge 

]Depth is given in feet and stage is g ven in feet above the da tu~  

Table 4.3. Calculated Culvert and Floodplain Disc1 arge -Existing Coi dition 
r Equation 4.1 Equation 4.2 Average FloodplainI% of Total 
I Culvert Culvert Culvert Discharge II
Discharge 
Through 
(cfs) 1 Floodplain 
Table 4.4. Culvert Friction Factor and Manning's n -Existing Condition 
Total Culvert Model Prototype Friction Model Prototype 

Discharge Discharge Reynolds Reynolds Factor Manning's n Manning's n 

Number Number 
(cfs) (cfs) R,m R e p  f n m  n~ 
800 781 1.11E+05 7.08E+06 0.049 0.015 0.024 
900 793 1.12E+O5 7.18Et-06 0.05 1 0.015 0.024 
1000 807 1.15E+05 7.33E+06 0.062 0.017 0.027 
1100 816 1.16E+05 7.42E+06 0.058 0.016 0.026 
1200 825 1.17E+05 7.48E+06 0.056 0.016 0.026 
1300 819 1.16E+O5 7.44EGO6 0.054 0.016 0.025 
1400 819 1.16E+05 7.44E+06 0.057 0.016 0.026 
1500 807 1.15E+05 7.33E+06 0.056 0.016 0.025 
...................................... ..................................................... 

....................? ...................... $;$$gg;@:gJpiiijijiiiiiijiiiii@@z&
......................
;$;;$734E4(33;iiji ..iijii
......................................... ............................................................................ 

Table 4.5. Culvert Pressures -Existing Condition 
b 1 
Station 
TotalDischarge 2+06.13 1 2+51.95 1 2+85.70 1 3+05.70 1 3+41.14 1 3+71.97 1 3+77.84 
I 
(cfs) Net Pressures (lb/fi2) 
800 0 0 0 20 19 3 2 
900 0 0 0 3 1 29 13 11 
1000 23 0 0 51 46 29 27 
1100 65 0 0 83 80 63 59 
1200 SO 7 0 100 98 80 74 
1300 104 31 3 125 123 106 99 
1400 113 47 2 3 128 125 108 102 
1500 143 82 57 119 116 100 94 
Table 4.6. EE Service 3ridee Convev ince Factor -Exis, ing Condition 
Average Friction Channel Conveyance 
Discharge Slope Factor 
Sf 
Table 4.7. Measured Water-Sl ~rfaceData -Pre-Calibration Con 
I Discharge (cfs) 1 300 400 1 500 1 600 1 700 1 800 
I Measurement Station I Stage (ft above datum) 
714.51 1 714.98 1 715.64 1 716.18 1 718.00 
Table 4.7. (Continued) 
IMeasurement Station I Stage 
* Tailwater measurement station 
722.00 -1- - - I U Q = 600 cfs 1 
71 2.00 
71 1 .OO 
71 0.00 
709.00 
708.00 
0 
I 
100 
1 
200 
I I 
300 400 
Discharge (cfs) 
I 
500 
I 
600 700 
Figure 4.1. Measured Water-Surface Profiles - Existing Condition 


P/oodp/ainE/cvafiom-ExifsfingCondifiom - 1000cf5 
1''~ c $ C  @ 6' Floodplain Stage, feet above da tum o (Water Depth, feet) 
Figure 4.4. Floodplain Stages and Depths - Existing Condition - 1000 cfs 


FloodplainElevafiorn -Exi5finq Conditiom - /30065 
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Figure 4.7. Floodplain Stages and Depths - Existing Condition - 1300 cfs 
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Figure 4.16. Head-Loss-Discharge Relationship for the EE Service Bridge - Existing Condition 
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Figure 4.20. Existing -Pre-Calibration Rating Comparison -Station 0+66.66 
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Figure 4.21. Existing -Pre-Calibration Rating Comparison -Station 1+45.31 
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Figure 4.22. Existing -Pre-Calibration Rating Comparison -Station 2+06.13 
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Figure 4.23. Existing -Pre-Calibration Rating Comparison -Station 2+85.70 
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Figure 4.24. Existing -Pre-Calibration Rating Comparison -Station 3+05.70 
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Figure 4.25. Existing -Pre-Calibration Rating Comparison -Station 3+71.97 
0 100 200 300 400 500 600 700 800 900 
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Figure 4.26. Existing -Pre-Calibration Rating Comparison -Station 3+89.04 
5 Lamar Improvements 

5.1 Motivation 
The next phase of testing in the model study involved the implementation of the 
proposed Lamar Improvements to the channel and culvert. The proposed improvements 
include: lowering the channel bottom three to four feet, installing a flow restrictor 
underneath the Wright Street culvert, and placing a floodwall with an overflow weir 
along the east side of Wright Street. A more complete description of the Lamar 
Improvements can be found in the Joint Permit Application (1998). For this phase of 
testing, all of the improvements were constructed in the model with the exception of the 
floodwall. The effects of the floodwall will be examined in Chapter 6. 
Two primary phases of testing were performed with the Lamar Improvements in 
place. In the first phase, data was obtaining data from the model with only the Lamar 
improvements in place - all conditions downstream of the culvert were unchanged. This 
data was collected in order to determine how the improvements to the channel and culvert 
would effect flooding. The data collected for this model condition will be referred to in 
this report as the Lamar Improvements. The second phase of testing involved placing a 
flow restrictor across the channel underneath the Wright Street culvert and shall be 
referred to as the Lamar Improvements w/ Restrictor. The purpose of the flow restrictor 
is to limit the amount of flow that can travel into Urbana by utilizing storage within 
Champaign. Integral to this phase of the model study was the analysis of the discharge 
coefficient that should be used for the design of the flow restrictor. 
5.2 hlodel Modifications 
5.2.1 Channel Geometry 
In order to implement the proposed changes to the channel and culvert system, it 
was first necessary to remove sections of the model. This included the entire reach of 
channel from the entrance to the mode! to the exit from the culvert at the east side of 
Wright Street. Garber's Cleaners and the culvert cap had to be removed as well. 
To aid in the channel modification, Berns, Clancy, and Associates once again 
provided scaled, profile plots incorporating the new channel geometry obtained from the 
71 
city of Champaign. These profiles were once again overlain on 20 gauge sheet metal and 
spot welded onto the appropriate cross-sections, as described in Section 2.3.1. 
Manometer taps were placed along the channel bottom, and the channel and floodplain 
topography was shaped of poured concrete. The building and culvert cap were then 
replaced. The new locations of the pressure taps are shown in Figure 5.1 
5.2.2 Flow Restrictos Window 
A Plexiglas window was set into the top of the culvert over the proposed location 
for the flow restrictor. The purpose of this window was two-fold. The first purpose was 
to allow easy modification of the flow restrictor. The window could be removed and the 
flow restrictor either removed or replaced quickly and inexpensively. The second 
purpose for the window allowed direct visualization of the flow's behavior as it passed 
through the flow restrictor. 
5.3 Lamar Improvements 
5.3.1 Stage Data 
Water-surface profiles were measured every 100 cfs for discharges ranging from 
300 to 1500 cfs for the Lamar Improvements. A plot of the measured water-surface 
profiles is presented in Figure 5.2. This data is also presented in tabular form in Table 
5.1. Floodplain elevations and depths are presented in Figures 5.3 through 5.10 and 
Table 5.2. 
Over-bank flow was first encountered at 800 cfs for the Lamar Improvements. 
Stages downstream of the culvert system were high enough at this discharge to cause 
water to spill over the left, downstream berm between Everitt and Talbot labs and to pond 
in the depression This ponded water was not actively flowing at this discharge and did 
---:&I-:- &I-- ---'-I LC-:- D--A: - - -en"+-+-not pose a flood threat to any wl~ll l l lLIIG IIIU UGI U ~ S ~ M .1U l l u l l l g  UCCUL ed 
upstream of the culvert in the parlang lot west of the Gaseous Electronics lab at a 
discharge of 1000 cfs. At this discharge, the water in the parking was stagnant and did 
not actively contribute to the downstream flow. Water began to flow around the culvert 
by way of Healy Street once discharge was increased to 1100 cfs. 
As was observed for the Existing Condition, flood waters first reached the outer 
walls of Everitt Lab at a discharge of 1100 cfs. Water overtopped the south bank of the 
channel downstream of the culvert at this discharge and posed a threat to the building. 
Talbot Lab experienced a flood risk at a discharge of 1400 cfs. The momentum of the 
flow traveling down Healy Street first carried water to the western face of Talbot at this 
level of discharge. A flood risk around the Talbot Lab loading dock was experienced at 
1400 cfs when water was backed up along the south wall of the building and ponded in 
the loading dock area. 
5.3.2 Culvert System Behavior 
5.3.2.1 Head-Loss Relationships 
It was possible to determine the AH vs. Q relationships for the culvert after the 
channel improvements were implemented using the procedure outlined in Section 4.2.2.1. 
The AH vs. Q data between model stations 2+06.13 and 3+89.04, and 2+85.33 and 
3+83.67--benchmark and manometer measurement stations, respectively--is plotted in 
Figure 5.11. 
The break in the AH vs. Q relationships indicating the transition from open- 
channel to pressurized flow behavior occurred at 700 cfs, as determined from Figure 
5.11. 
As with the Existing Condition, the flooding upstream of the culvert system is 
caused in large part by the increased head losses associated with pressurized flow 
underneath the culvert system. 
5.3.2.2Culvert Flow Capacity 
The discharge capacity for the culvert was calculated using the AH vs. Q 
relationships developed in Figure 5.11. The pressurized flow portion of the two 
relationships yields the following equations: 
Total discharge through the culvert was calculated from Equations 5.1 and 5.2 and 
is summarized in Table 5.3. Included in this table is the division of the flow between the 
culvert system and the floodplain as well as an average maximum culvert capacity. 
5.3.2.3Darcy-Weisbach Friction Factor and Manning's n 
As was done in section 4.2.2.3, the value of the friction factor and the Manning's 
n were determined for the modified culvert. The friction factor for the culvert was 
calculated using Equation 4.4. Head-loss measurements were made between stations 
3+05.67 and 3+6 1.75 and the cross-sectional-averaged flow velocities through the culvert 
were determined by Equation 4.3. An equivalent Manning's n value was calculated using 
Equation 4.5. The calculations used to determine these values are included in Appendix 
I1 and summarized here in Table 5.4. As was done for the existing culvert condition, this 
data was plotted on a Moody diagram in Figure 5.12 to indicate that the flow through the 
culvert is in the fully-rough, turbulent flow regime, and viscous scale effects can be 
ignored. 
5.3.2.4Culvert System Pressures 
The pressures exerted on the culvert were calculated for the Lamar Improvements 
in the manner described in Section 4.2.2.4. These data are compiled and presented in 
Table 5 5 .  Figures 5.13 through 5.16 present the data graphically for the 800, 1000, 
1200. and 1400 cfs flows. 
The upstream end of the Wright Street culvert first experiences an uplift pressure 
at a discharge of 800 cfs. A maximum pressure of 137 lb/ft2 was measured at the 
upstream end of the culvert for a discharge of 1500 cfs. Garber's Cleaners did not 
experience an uplift pressure until the discharge was increased to 1400 cfs. The 
maximum pressure underneath the building was 74 lb/ft2, measured at the upstream face 
of the building for a discharge of 1500 cfs. 
5.3.3 Flow Visualization Study 
A flow-visualization study was performed for the Lamar Improvements model 
condition using confetti. Some observations are discussed below. 
5.3.3.1 1200 cfs Discharge 
Flow patterns upstream of the culvert system were the same as those observed for 
the 800 cfs flow with existing conditions (Section 4.2.4). 
Flow patterns were altered downstream of the culvert for the Lamar 
Improvements. Due to the tailwater effects at this discharge, water was forced from the 
channel around station 4-74.05 and spilled over the north bank. This water proceeded to 
fill the depression between Talbot and Everitt labs. Due to the elevated water surface in 
this area, water from Wright Street was not able to travel into the depression. It was 
instead forced directly into the channel, between stations 3+89.04 and 4t04.29. A re-
circulating flow pattern developed within the entire depression due to the water entering 
the channel near the culvert's exit and the water exiting the channel into the depression. 
The flow patterns discussed in this section are illustrated in Figure 5.17. 
5.3.3.2 1400 cfs Discharge 
The flow patterns observed for the 1400 cfs flow were the same as those that are 
. .described for the 1000 cfs flow for the existing c ~ d i t i ~ f i s(Section 4.2.4). 
5.4 Lamar Improvements w/ Restrictor 
The next phase of testing in the model involved placing the proposed flow 
restrictor in the Wright Street culvert. The flow restrictor is intended to protect the U of I 
campus and Urbana from increased discharges that are possible due to the Lamar 
Improvements. The flow restrictor will act to decrease the peak discharge passing 
downstream by urilizing storage that is available within the floodplain. For discharges in 
which the flow restrictor is engaged, it will act as a sluice gate with an opening 4.1 feet 
high and 16 feet wide. A head loss will occur across the restrictor, and this will cause 
stages to increase upstream. The increased stages will cause a portion of the flow to be 
stored in the channel or within the floodplain, and this will, in turn, help to mitigate the 
peak discharge traveling downstream. 
The flow restrictor is located at model station 3+59.08. The restrictor, as initially 
designed, consists of a series of connected beams perpendicular to the culvert walls 
extending 6' down from the invert of the culvert. As it was important to determine the 
direct effects of the flow restrictor upon stages in the model during this phase of testing, 
it was also important to determine the discharge characteristics of the restrictor in order to 
refine its final design. The location of the flow restrictor in the model is illustrated in 
Figure 5.18. 
5.4.1 Stage Data 
A plot of water surface profiles measured for discharges ranging from 300 to 
1500 cfs is provided in Figure 5.19. This data is presented in tabular form in Table 5.6. 
Floodplain stages and depth are presented in Figures 5.20 through 5.29 and Table 5.7. 
Out-of-channel flows occur at 700 cfs with the flow restrictor in place. Ponding 
occurs in the parking lot west of the Gaseous Electronics Lab at 600 cfs. The south bank 
downstream of the culvert first overtopped at 1100 cfs with Talbot Lab encountering 
water at 1300 cfs as a result. 
5.4.2 Culvert System Behavior 
5.4.2.1Head-Loss Relationships 
The AH vs. Q relationships for the Lamar Improvements w/ Restrictor are 
presented in Figure 5.3 0. Head losses were calculated between stations 2+06.13 and 
3+89.04, and 2+85.33 and 3+83.67. 
No break in the AH vs. Q relationship was observed for this condition. Since the 
flow restrictor opening was submerged for all discharges, this indicates that discharge 
through the culvert system is controlled primarily by the flow restrictor and not by 
frictional losses. 
With the flow restrictor in place, the head-loss characteristics are controlled by 
the flow restrictor rather than the surcharging of the culvert system. There is no 
noticeable change in the flow behavior once the culvert becomes surcharged. 
5.4.2.2 Culvert Flow Capacity 
Discharge relationships were developed for the culvert system for the Lamar 
Improvements w/ Restrictor condition. The following two equations were developed 
from the relationships presented in Figure 5.30. 
M2+06. 13-3+89.04 (5.3)2.4267~1o - ~  
The calculated flow through the culvert and floodplain are presented in Table 5.8. 
One can see that for an increase in total discharge, the calculated capacity of the 
culvert tends to decrease. This can be explained primarily by the effects of the flow 
restrictor upon the channel bed downstream of the culvert. Because of the greatly 
reduced cross-sectional area through which the flow might pass, the water leaves the 
culvert with a much higher velocity than with previous conditions. Because of the 
increase in energy, a large portion of the movable bed is scoured away fiom the culvert 
exit and mounded downstream. A picture of the scour produced by the flow exiting the 
flow restrictor is given as Figure 5.31. This sediment mound then acts as a weir, 
increasing the effective tailwater elevation at the culvert exit. This increase in stage at 
the culvert exit then has the effect of reducing the culvert's carrying capacity 
5.4.2.3 Culvert System Pressures 
The pressures exerted on the culvert were calculated for the Lamar Improvements 
w/ Restrictor in the manner described in Section 4.2.2.4. These data are presented in 
Table 5.9. Figures 5.32 through 5.36 present this data graphically for the 600, 800, 1000, 
i m n n  3 I ~ n n-2- fi -----
I LVV,  anu I 4uv LLS L ~ Wws. 
The presence of the flow restrictor caused pressures to develop within the Wright 
Street culvert at a lower discharge than was previously observed. The first uplift pressure 
was measured at a discharge of 500 cfs on the upstream side of the flow restrictor. Due 
to the head loss caused by the restrictor, there is no longer a gradual decrease in pressure 
throughout the culvert. High pressures are developed on the upstream side of the 
restrictor, with greatly reduced pressures occurring on the downstream side. This 
behavior causes a shear plane to develop in the road surface directly above the flow 
restrictor. A maximum pressure difference of 162 lb/ft2 occurs on either side of the 
restrictor for a discharge of 700 cfs. It may be necessary to examine the effects that this 
abrupt change in pressures will have upon the structure of the culvert. The maximum net 
pressure on the culvert was 300 lb/A2 and occurred at 1500 cfs. 
The flow restrictor may have another potentially detrimental effect due to the 
presence of the storm sewers that drain directly from Wright Street into the culvert. 
Since pressures are first developed upstream of the restrictor at 500 cfs, flooding of 
Wright Street may occur sooner than was indicated by the occurrence of over-bank flow, 
once the sewers become surcharged. 
Garber' s Cleaners first experiences an uplift pressure at 800 cfs. The maximum 
pressure is 156 lb/ft2 and occurs at a discharge of 1500 cfs. 
5.4.3 Flow Restrictor Parameters 
5-4.3.1 Flow Restrictor Discharge Coefficient 
One important benefit of the physical model is the possibility of experimentally 
determining the discharge coefficient to be used with the flow restrictor. This 
information is crucial to ensure that the flow restrictor is neither over-designed nor under- 
designed. If the flow restrictor were over-designed, it could unnecessarily increase 
flooding within Campustown, while an under-designed restrictor could cause an increase 
in the flood risk to Urbana. 
In order to determine the discharge coefficient, the head difference between 
station 3+55.25 and station 4+18.6 1 were calculated. Station 3+55.25 is the manometer 
tap immediately upstream of the culvert. Station 4+18.6 1 is just downstream of the 
culvert's exit. Station 4+18.61 was chosen because it was far enough away from the flow 
restrictor to get an accurate stage measurement; closer measurements were unreliable due 
to the surging, extremely turbulent nature of the flow passing under the restrictor. 
The discharge equation for an orifice is 
Q = C ~ A ( ~ ~ A H ) ' ' ~  
where Q is the discharge through the orifice, Cd is the discharge coefficient, A is the 
cross-sectional area of the orifice opening, g is the acceleration of gravity, and AH is the 
head difference across the orifice. 
In order to determine the discharge coefficient for the flow restrictor, Q was 
divided by ~(2~m)")'"for the discharges that were completely in channel: 300 through 
600 cfs. The overall discharge coefficient was calculated by taking an average of these 
four values. Ths  data is summarized in Table 5.10. 
5.4.3.2Effects of the Discharge Coefficient on Stage 
A discharge coefficient of 0.68 was determined from the analysis in the previous 
section. A discharge coefficient value of 0.78 was used for the initial design of the flow 
restrictor by Berns, Clancy, and Associates. This indicated that the flow restrictor, in the 
"as is" condition, over-restricts of the flow through the culvert and may cause 
unnecessary flooding within Campustown at high discharges. 
It was possible to determine the extent to which the flow restrictor, as designed, 
over-restricts the flow. It was first necessary to determine the stages that would have 
been observed upstream of the flow restrictor if the discharge coefficient had been 0.78. 
These stages can be assumed to be the target values since the discharge coefficient and 
orifice area are equivalent to those used for the design. The upstream stages were 
determined by adding the theoretical head loss, as determined by Equation 5.5, for a 
specified discharge to the observed stage at Station 4+18.6 1. 
Stages ~mmediately upstream of the flow restrictor were calculated for discharges 
ranging from 300 - 600 cfs. These are the discharges in which the total flow is passing 
through the cut\ en system. The calculated target stages are compared with the measured 
stages at Stat~on 3-5 5.25. These data are summarized in Table 5.1 1. 
The flou restrictor, in the "as is" condition, increased upstream stages above the 
target value by 0 16 feet for a discharge of 300 cfs and by 0.73 feet for a discharge of 600 
cfs. In order to alleviate the over-restriction that occurs, it is necessary to increase the 
area of the orifice opening to compensate for the lower value for the discharge 
coefficient. 
C A '2 '2 Q I A ~ Y ,D n n + r ; o + r \ r  r \ ; n o L n r r r n  P f i n C G m ; n r \ +  TTaAah; l ;+ . r~J .*. J .J I L U W I \ G Z i L l l b L U l  Y 1 3 b l l L U f j L .  L U ~ L A l b l b l L L V C L l l U U l l l L y  
It was important to determine the extent to which the flow restrictor's discharge 
coefficient varied with the orifice area in the event that the design of the flow restrictor is 
changed. In order to determine this variability, stage measurements were made at 
stations 3+55.25 and 4+18.61 for a flow restrictor with a 5' orifice opening. 
The discharge coefficient for the new flow restrictor was calculated following the 
procedure outlined in Section 5.4.3.1. The results are summarized in Table 5.12. 
From the results of this analysis, it was determined that the discharge coefficient 
does not vary greatly with a change in the height of the orifice opening. Thus, a value of 
0.68 can be used to design the flow restrictor. 
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Table 5.3. Calculatec Culvert a d Floodplain Discharge -Lan p z x Equation 5.21 Average IFloodplain 
I 

I 
 Culvert Culvert I Culvert IDischarge Discharge I 

(cfs) 

Total Discharge Discharge Discharge IDischarge I Through I 

1046 

Table 5.1 , Culvert Friction F Lamar Im ~rovements 
Total Model Prototype 
Discharge Reynolds Factor I Manning'sn Manning's n 
Number Number 
0.034 
Table 5.5. Culvert Pressures -Lamar Improvements 
StationITotalDischarge 2+06.13 1 2+51.95 1 2+85.70 1 3+05.70 1 3+41.14 1 3+71.97 1 3+77.84 
(cfs) Net Pressures (1b/ftft2) 
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Table 5.6. (Continued) 
v  r  g  e  (cfs) 1 300 1 400 1 500 1 600 1 700 1 800 1 900 ( 1000 1 1100 1 1200 1 1300 1 1400 1 1500 1 
Stage ( ft above datum) 
-
714.44 1 715.32 1 716.46 716.74 1717.01 1 717.36 1717.57 1718.03 1 718.54 1718.87 
* Tailwater measurement station 
Table 5.7. Meas [red Flood~lain Water-Surface Data -Lamar Im~rovel  ents w/ Restrictor 
Measuirement Discharee (cf.9)  
Location 
- - - I . - - I - -
Depth Stage Depth Stage Depth Stage Depth Stage 
0.26 717.59 1.14 718.47 1.73 719.06 2.02 719.35 
r-
-t-t
Note: "--" indicates no water at this location for this discharge 
Depth is given in feet and stage is given in feet above the datum 
I 
Table 5.7. (Continued) 
Discharge (cfs) 
Location 1200 1300 1400 1500 
I
' Depth Stage Depth Stage Depth Stage Depth Stage 
2.64 719.97 2.99 720.32 3.17 720.50 3.22 720.55 
3.54 720.04 3.74 720.24 3.81 720.31 3.98 720.48 
2.22 719.80 2.62 720.20 2.62 720.20 3.02 720.60 
2.00 719.38 2.10 719.48 1.78 719.16 2.37 719.75 
2.22 719.05 2.26 719.09 2.48 719.31 2.64 719.47 
1.17 717.92 1.30 718.05 1.65 718.40 2.53 719.28 
0.35 717.77 0.53 717.95 0.91 718.33 1.44 718.86 
0.13 717.30 0.26 717.43 0.86 718.03 1.04 718.21 
3.18 	 717.85 3.39 718.06 3.73 718.40 4.10 718.77 
-- -- 0.05 717.88 0.56 718.39 1.02 718.85 
-- -- 0.14 717.81 0.59 718.26 1.25 718.92 
2.64 717.72 2.91 717.99 3.23 718.31 3.82 718.90 
* 
Note: indicates no water at this location for t h ~ sdischargeIt--" 
Depth is given i~feet and stage is given in feet above the datum 
Table 5.8. Calculated Culvert and Floodplain Discharge -Lamar Improvements 
W/ Restrictor 
1 Equation 5.3 IEquation 5.41 Average Floodplain % of Total 
Culvert Culvert Discharge Discharge 
Total Discharge Discharge Discharge Discharge ThroughI I~ v e r t  
(cfs) Floodplain 
88 13 
243 30 
Table 5.9. Culvert Pressures -Lamar Improvements w/ Restrictor 
I I I 
TotalDischarge 2+06.13 1 2+51.95 1 2+85.70 1 
Station 
3+05.70 1 3+41.14 1 3+71.97 1 3177.84 
(cfs) Net Pressures 0b/ft2) 
500 0 0 0 44 25 0 0 
600 0 0 0 129 101 0 0 
700 0 0 0 188 162 0 0 
800 27 29 24 215 168 19 18 
900 50 49 43 232 186 32 35 
1000 72 74 65 259 209 5 7 55 
1100 89 89 8 3 272 223 70 69 
1200 109 106 100 291 243 98 97 
1300 123 124 118 300 256 115 115 
1400 141 141 136 282 23 6 105 107 
1500 155 156 151 285 243 115 121 
Table 5.10. Flow Restrictor Discharge Coefficient (4.1 Foot Orifice Height) 
Total Discharge Orifice Area Head Loss Discharge coefficient 
Q A AH Cd 
(cfs) (fe) (ft> =Q/(A*(~gAH)'I2) 
300 65.6 0.695 0.68 
400 65.6 1.271 0.67 
500 65.6 1.916 0.69 
600 65.6 2.865 0.67 
Table 5.11. Effects of Discharge Coefficient on Stage I DischargeI Downstream Stage ITarget Upstream IMeasured Upstream I Stage 
I I(@ Station 4+18.6 1) I I Stage c (ft above datwx) (fi above datum) (fi abcve Oae~m) 
300 712.77 713.30 713.46 
300 713.31 714.26 714.58 
500 713.99 715.47 715.91 
600 714.26 716.39 717.12 
Table 5.12. Flow Restrictor Discharge Coefficient (5 Foot Orifice Height) 
Total Discharge OIlfice Area Head Loss Discharge coefficient 
Q A AH C d  
(c~s)  (2, (K) = Q / ( A * ( ~ ~ ~ ~ ~ J ~ ~  
300 80 0.497 0.66 
400 80 0.759 0.72 
500 80 1.217 0.71 

600 80 1.756 0.71 
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Figure 5.2. Measured Water-Surface Profiles - Lamar Improvements 
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Figure 5.6. Floodplain Stages and Depths - Lamar Improvements - 1100 cfs 

F/oodplain EIcvafiorn - Lamar lmprovemd:d5 - /300d5 
/If @~SCC$~Y 6' Floodplain Stage, feet above datumo (Water Depth, feet) 
Figure 5.8. Floodplain Stages and Depths - Lamar Improvements - 1300 cfs 
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Figure 5.9. Floodplain Stages and Depths - Lamar Improvements - 1400 cfs 







Figure 5.17. Primary Flow Paths - ]Lamar Improvements - 1200 cfs 
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Figure 5.19. Measured Water-Surface Profiles - Lamia1 Improvements w/ Restrictor 
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Figure 5.20. Floodplain Stages and Depths - Lamar Improvements w/ Restrictor - 600 cfs 
Figure 5.21. Floodplain Stages and Depths - Lamar Improvements w I Restrictor - 700 cfs 
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Figure 5.22. Floodplain Stages and Depths - Lamar Improvements w 1Restrictor - 800 cfs 
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Figure 5.23. Floodplain Stages and Depths - Lamar Improvements w / Restrictor - 900 cfs 
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Figure 5.24. Floodplain Stages and Depths - Lamar Improvements w/ Restrictor - 1000 cfs 
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Figure 5.27. Floodplain Stages and Depths - Lamar Improvements w I Restrictor - 1300 cfs 
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Figure 5.28. Floodplain Stages and Depths - Lamar Improvements w I Restrictor - 1400 cfs 

Figure 530. Head-Loss-Discharge Relationships - Lamar Improvements w/ Restrictor 






6 Interim Construction Condition 
6.1 Motivation 
It is important that the city of Urbana does not experience an additional flood risk 
due to the channel modifications that are being implemented within Champaign and the 
University of Illinois campus. Channel modification designs account for this constraint 
and Urbana should be protected once modifications are completed. However, a crucial 
period of time exists during which the risk of additional discharge into Urbana is possible 
due to incomplete construction of the channel modifications upstream. It would be 
necessary to provide some type of temporary control to the flow should the flood risk in 
Urbana increase during construction. 
It was possible to determine from flow behavior in the model if it was likely that 
Urbana would experience increased discharges during construction. By altering the 
tailwater conditions in the model, it was possible to examine the impact that construction 
within the University of Illinois campus would have upon discharges entering the campus 
and Urbana. It was also possible to examine the effect of temporary control structures 
upon the flow behavior. 
6.2 Post-Improvement Tailwater-Rating Cuwe 
It was necessary to determine a new tailwater-rating curve that would simulate the 
effects of incomplete channel construction. The assumption made for this phase of 
testing was that channel improvements would begin at the Lincoln Avenue drop structure 
and proceed upstream toward Wright Street. It was possible to use the post-improvement 
rating curve presented in the Joint Agency Permit Application (1998) for the reach 
between the EE service bridge and Burrill Avenue Broadwalk. This rating curve would 
correspond to a condition where all of the construction downstream of the EE service 
bridge had been completed. 
The rating curve that was used for the construction condition is presented in Table 
6.1. The first three columns of the table summarize the information fi-om the Joint Permit 
Application (1998). In order to determine a rating curve that would be applicable for all 
discharges, a fifth-order polynomial curve was fit to these data. This rating curve and 
resultant equation are presented in Figure 6.1. The last two columns of Table 6.1 
summarize the results for discharges that would be tested in the model. 
It was necessary to establish a procedure for establishing the rating curve for 
discharges greater than 800 cfs since no information was available for these discharges. 
The procedure that was adapted is the same as described in Section 3.1.2 for the initial 
tailwater rating curve. The leaf-gate elevation was set for the 800 cfs flow and left in that 
position for all larger discharges. This allowed the tailwater to adjust itself. 
6.3 Construction Condition 
The first phase of testing with the lowered tailwater-rating curve studied the 
effects of flow behavior on the model with the Lamar Improvements in place. Initially, 
the flow restrictor was not installed in the culvert. This phase o f  tests shall be referred to 
as the Construction Condition. 
6.3.1 Stage Data 
Water surface profiles were measured every 100 cfs for discharges ranging from 
300 to 1300 cfs for the Construction Condition. A plot of the measured water-surface 
profiles is presented in Figure 6.2. This data is also presented in tabular form in Table 
6.2. Floodplain elevations and depths are presented in Figures 6.3 through 6.6 and Table 
6.3. 
One complication that arose during this phase of testing dealt with the outlet 
condition from the model. For discharges below 600 cfs, the calculated value for the 
tailwater elevation was below the channel bed elevation at the model exit. T h s  caused 
the flow to go through critical depth as it entered the tailwater channel; consequently, the 
true effects of the tailwater condition were not felt by the flow. For the flows between 
600 and 1300 cfs, the tailwater was set sufficiently high to prevent the transition to 
supercritical flow and the model water-surface profiles can be considered an accurate 
representation of flow conditions that would occur in the Boneyard. 
Ponding in the model was first encountered at a discharge of 1000 cfs for the 
Construction Condition. Ponding occurred initially in the depression between Talbot and 
Everitt labs as tailwater conditions caused water to spill over the berm along the north 
bank. Upstream of the culvert system, ponding occurred in the parking lot west of the 
Gaseous Electronics Lab at 1 100 cfs. This water was not actively flowing and did not 
contribute to the downstream discharge. Water began to flow around the culvert by way 
of Healy Street once discharge was increased to 1200 cfs. 
For the Construction Condition, out-of-bank flow first occurred at 1200 cfs. 
Neither Everitt nor Talbot labs encountered stages sufficiently high to pose a flooding 
threat for any of the discharges tested. 
6.3.2 Culvert System Behavior 
The AH vs. Q relationship for the culvert with Construction Conditions is 
presented in Figure 6.7. A transition in culvert behavior occurs at approximately 700 cfs. 
In order to calculate the culvert's capacity; the AH vs. 0 functions for stations 2+06.13 to 
3+89.04 and 2+85.33 to 3+83.67 wereused. 
M2+06. 13-3+89.04 
Qculvert 7.0609~10-" 
Table 6.4 summarizes culvert flow capacity based upon Equations 6.1 and 6.2. 
6.3.3 Effects of Construction on Discharge Characteristics 
By comparing the data from the Existing Condition, the Lamar Improvement, and 
the Construction Condition, it was possible to quantify the effects that downstream 
construction might have upon flow entering Urbana. 
6.33 . 1  Existing Condition -Constn~ction Condition Stage Comparison 
The first step in assessing downstream construction effects on the discharge 
characteristics of the creek involves a comparison of the observed rating curves at 
different measurement stations along the channel. 
It is possible to qualitatively compare the ability of the channel to convey water 
for the different conditions by comparing the measured stages at a given level of 
discharge. Because the physical model is set up as a steady-state system, it can be 
assumed that the discharge traveling through any given channel cross-section is equal to 
the input discharge. This is especially true of the cross-sections near the model's exit 
where all of the overland flow has rejoined the channel. Using the continuity equation 
(Equation 4.3), and the assumption that the total discharge passes through the cross- 
section, it is possible to determine that an increase is stage corresponds to a decrease in 
average flow velocity. The decreased velocity indicates that the channel's ability to 
convey water is decreased due to downstream tailwater effects. 
The ability of the system to detain water can also be examined in another way. 
The continuity equation for unsteady flow takes the form 
dS 
-= Qin -Qout (6.3)dt 
where S is storage, Qin is the input discharge to the system, and Qmt is the output 
discharge. 
It can be assumed that the total storage available within the system increases as 
stage increases due to the encroachment of the flow upon the floodplain. The increase in 
available storage should cause an overall increase in the dS / dt term of the continuity 
equation during the routing of a storm hydrograph. This would then decrease the 
discharge leaving the system. Hence, an increase in stage implies that the system has an 
increased ability to attenuate the peak discharge. 
Figure 6.8 is a plot of the measured rating curves for the existing, Lamar 
Improvement, and construction conditions at measurement station 5+59.05. Stages for 
the existing and Lamar Improvement condition are approximately the same for every 
discharge. Ths  was expected since the tailwater elevations were the same for both 
conditions. Stages within the model are lower for the construction condition than for the 
other two conditions. This indicates that the water is moving through the model more 
rapidly for the construction condition. Therefore, it is likely that Urbana will experience 
increased discharges during construction of the channel modifications. 
- - 
6.3.3.2EE Service Bridge 
It is possible to quantitatively compare the discharge characteristics of the model 
with the post-improvement tailwater condition by performing an analysis on the EE 
service bridge similar to the one that was performed in Chapter 4 (Section 4.2.3). 
The AH vs. Q relationship for the EE service bridge with the post-improvement 
tailwater rating curve was developed between model stations 5+59.05 and 5+99.42. It is 
presented in Figure 6.9 along with the AH vs. Q relationship for the existing condition. 
There is no obvious change in the behavior of the head-loss relationship for the 
Construction Condition at any of the discharges tested. The head-loss relationship for the 
existing condition exhibits a sharp change in behavior at 1000 cfs. This relationship 
indicates that, for the Construction Condition, the flow passing through the bridge 
stmct-ure does not hecome surcharged for any discharge less than -- -- - -- - 1300 cfs, Thus, the 
ability of the bridge to pass discharge is increased for the construction condition. 
It is also possible to compare the discharge characteristics of the EE bridge by 
comparing the computed conveyance factor for the channel. The conveyance factor was 
calculated using Equation 4.7 and the procedure described in Section 4.2.3. The friction 
slopes and conveyance factor values for both the Existing Condition and the Construction 
Condition are summarized in Table 6.5. 
For lower discharges, the conveyance factor for the existing condition is larger 
than the conveyance factor for the construction condition. This result was expected 
because the conveyance factor is an indication of the physical ability of the channel to 
carry water The discharge for the existing condition has a higher stage, and a larger 
cross-sectional area and hydraulic radius. The correct comparison to make is at high 
discharges when the area of the flow is confined by the structure of the bridge. The data 
in Table 6.5 indicates that the value of the conveyance factor for the existing condition 
seems to asymptotically approach a value of approximately 9000 as discharge increases. 
This value is 1 1000 for the construction condition. The higher conveyance factor at large 
discharges indicates that water will pass more freely underneath the EE bridge for the 
construction condition than for the existing condition. This analysis indicates that 
discharges into Urbana may be increased for the construction condition. 
6.4 Construction Condition with Temporary Flood-Control Measures 
The results of the previous analysis indicated that the structure of the EE service 
bridge would not be adequate to prevent increased discharges into Urbana during 
downstream channel construction. Therefore, it was necessary to develop and test 
potential flood-control measures that could be implemented during construction to protect 
Urb ana. 
6.4.1 EE Weir 
6.4.1.1EE Weir Design 
The EE service bridge is a location in the channel that will control the flow at 
large discharges. As such, it became a logical location to place a temporary control 
structure in the channel to limit the magnitude of the discharge that u.ill flow 
downstream. One possible control structure that could be placed underneath the EE 
service bridge is temporary weir. 
The primary goal of any temporary weir is to limit the amount of water passing 
downstream into Urbana. This restriction of the flow would exhibit itself in the form of 
increased stages upstream of the EE service bridge and weir within the model. The weir 
was designed to increase stages upstream of the EE service bridge to the levels that were 
measured for the existing condition. This would indicate that flows passing through the 
bridge were equivalent to pre-construction flows and the flood risk to Urbana should not 
be increased. 
It was not possible for the weir to mirror the effects of the downstream channel 
geometry for the entire range of flows. Therefore, it was necessary to pick a design 
discharge for the weir where it would match upstream stages. The desired level of flood 
protection for both the University campus and Urbana is the 100 year storrn event (800 
cfs). It was considered appropriate to design the weir to restrict the discharges that would 
result from a less frequent storm event, thus providing the 100 year level of protection. 
Calculations were performed to determine the weir height necessary to match stages at 
station 5+59.05 with existing conditions for discharges ranging from 900 to 1300 cfs. 
Calculations for the weir based upon broad-crested weir theory given by Hwang, et. al., 
(1987) are presented in Appendix 111. 
The weir that was placed in the model had a crest height that was an average of 
those determined from the design calculations. A broad-crested weir 1 '/z inches in height 
and 3 inches wide (2 feet x 4 feet prototype scale) was built from modeling clay and 
placed underneath the EE service bridge. Figure 6.10 shows a photograph of the weir in 
place in the model. 
The phase of testing with the EE weir in place underneath the bridge will be 
referred to as the Weir Condition. 
6.4.1.2Stage Data 
A full set of water-surface profiles were measured every 100 cfs for the Weir 
Condition for discharges ranging from 300 to 1300 cfs. A plot of the measured water- 
surface profiles is presented in Figure 6.11. This data is also presented in tabular form in 
Table 6.6. Floodplain elevations and depths are presented in Figures 6.12 through 6.16 
and Table 6.7.  
6.4.1.3Culvert System Behavior 
The AH vs. Q relationship for the culvert with the Weir Condition is presented in 
Figure 6.17. A transition in culvert behavior occurs at 600 cfs. In order to calculate the 
culvert's capacity, the AH vs. Q functions for stations 2+06.13 to 3+89.04 and 2+85.33 to 
3+83.67were used. 
The culvert capacity is summarized in Table 6.8 
6.4.1.4Existing Condition -Weir Condition Stage Comparison 
Figure 6.18 presents the measured rating curves at station 5+59.05 for the 
Existing, Construction, and Weir conditions. These rating curves demonstrate the 
characteristic response of the model to the presence of the EE weir. 
With the EE weir in place, stages in the model are increased above the 
Construction Condition for the entire range of discharges tested. This indicates that the 
weir does an effective job of decreasing conveyance through the service bridge. 
Stages for the Weir Condition are increased slightly above Existing Condition 
stages for discharges less than 700 cfs. The weir, as designed, slightly over-restricts the 
flow at low levels of discharge. This would effectively lower discharges through campus 
below pre-construction levels. Although the over-restriction of the flow by the weir is 
undesirable, it occurs primarily at low values of discharge when flooding upstream does 
not occur. 
Stages for the Weir and Existing Condition match fairly well for discharges 
ranging from 700 to 1100 cfs. This demonstrates that the EE weir effectively decreases 
conveyance of flow downstream for these discharges. The weir would also cause the 
same amount of floodplain storage to be utilized by the flow as for the Existing 
Condition. This would help to attenuate the peak discharge. 
Weir Condition stages are increased above the Existing Condition stages for 
discharges above 1100 cfs. This behavior indicates that the structure of the EE service 
bridge is starting to affect the flow and act to reduce the conveyance of discharge 
downstream. 
6.4.2 Construction Condition with Weir / Floodwall 
The next phase of testing in the model incorporated the proposed floodwall along 
the east side of Wright Street with the EE weir. The purpose for these tests was to 
determine the effect that the addition of the floodwall would have upon stages in 
Champaign. 
These tests will be referred to as the Weir/FlooaTwall Condition. 
CI A 3 i c + , , ~ -nqtO
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Overland flow only occurred for discharges greater than 1100 cfs. As such, 
water-surface profiles were only measured for 1100 to 1300 cfs for the Weir / Floodwall 
Condition since the effects of the floodwall would only be felt by the flow that is by- 
passing the culvert system as over-land flow. A plot of the measured water-surface 
profiles is presented in Figure 6.19. This data is also presented in tabular form in Table 
6.9. Floodplain elevations and depths are presented in Figures 6.20 through 6.22 and 
Table 6.10. 
6.4.2.2Culvert System Behavior 
The only alteration to the model for the Weir / Floodwall Condition was the 
addition of the floodwall. This should not affect the behavior of the culvert system. 
Thus, the AH vs. Q relationship developed for the Weir Condition was also used to 
determine the culvert capacity during the Weir / Floodwall Condition. 
The culvert capacity for the Weir / Floodwall Condition, calculated using 
Equations 6.3 and 6.4, is summarized in Table 6.1 1 
The capacity of the culvert system is slightly greater for the Weir 1 Floodwall 
Condition than it was for the Weir Condition. The presence of the floodwall creates 
higher stages upstream of the culvert system than were previously experienced. These 
increased stages cause a greater head difference across the culvert and force more water 
to travel through the culvert system. 
6.4.2.3Existing Condition -Weir / Floodwall Condition Stage Comparison 
Figures 6.23 and 6.24 present the measured rating curves at stations 1+3 8.98 and 
5+5 9.05, respectively, for the Existing, Construction, Weir, and Weir 1 Floodwall 
Conditions. These figures are characteristic of the flow's response on either side of the 
floodwall. The effects of adding the floodwall to the model can be determined from these 
figures. 
The Weir and Weir / Floodwall Condition mirror the Existing Condition response 
closely for low discharges at station 1+38.98 (Figure 6.23). For higher discharges, the 
Weir and Weir / Floodwall Conditions have a lower stage than was observed for the 
culvert can be attributed to the Lamar Improvements that were made to the channel and 
culvert system. 
The beneficial affects of the weir and floodwall can be seen in Figure 6.24. As 
was discussed in Section 6.4.1.4, stages for the Weir Condition are increased above those 
seen for the Existing Condition for discharges greater than 1 100 cfs. These stages match 
the Existing Condition with the weir and floodwall in place. This indicates that the 
combination of the weir and floodwall can effectively limit the discharge into Urbana for 
large storm events. 
6.4.3 Construction Condition with Flow Restrictor / Floodwall 
The last alternative for a temporary restriction to the flow during the construction 
phase involved placing the flow restrictor underneath the Wright Street culvert with the 
floodwall in place. For this condition, the EE weir was removed from the model. 
These tests will be referred to as the Flow Restrictor /Floochuall Condition. 
6.4.3.1Stage Data 
Water-surface profiles were measured every 100 cfs for discharges ranging from 
300 to 1300 cfs. A plot of the measured profiles along the channel is presented in Figure 
6.25. T h s  data is also provided in tabular form in Table 6.12. Floodplain elevations and 
depths are provided in Figures 6.26 through 6.32 and Table 6.13. 
Ponding occurred upstream of the floodwall at a discharge of 700 cfs for the Flow 
Restrictor / Floodwall Condition. Stages were increased enough by the presence of the 
floodwall to overcome the head losses caused by the flow restrictor. Thus, all of the flow 
passed through the culvert system without engaging the weir that had been placed in the 
floodwall. The flow overtopped the entire length of the floodwall when discharge was 
increased to 800 cfs. 
6.4.3.2Culvert System Behavior 
The AH vs. Q relationships developed for the Lamar Improvements w/ Restrictor 
(Section5.4.2) were used to calculate the culvert capacity for the Flow Restrictor / 
Floodwall Condition. 
The culvert capacity for the Flow Restrictor / Floodwall Condition, calculated 
using Equations 5.3 and 5.4, is summarized in Table 6.14. 
6.4.3.3Existing Condition -Weir 1Floodwall Condition Stage Comparison 
Figures 6.33 and 6.34 present the measured rating curves at stations 1+38.98 and 
5+59.05, respectively, for the Existing, Construction, and Flow Restrictor I Floodwall 
Conditions. These figures are characteristic of the stage response on either side of the 
culvert system. 
Upstream of the culvert system (Figure 6.33), stages are much higher for the Flow 
Restrictor I Floodwall Condition than for either the Existing or Construction Conditions 
for discharges greater than 400 cfs. The flow restrictor has no affect on the flow for 
discharges less than 400 cfs because the flow does not come into contact with it. 
Downstream of the culvert system, the Flow Restrictor 1 Floodwall Condition 
stages match the Construction Condition stages almost exactly. This result was expected 
since the all of the modifications to the channel were made upstream of this location. 
This analysis indicates that placing the flow restrictor into the culvert while 
having the floodwall in place would effectively decrease discharges downstream. For 
this condition, the attenuation of the peak discharge would be caused by the utilization of 
the floodplain detention storage available in Champaign and Campustown. 
Table 6.1. Post-Im~rovement Tailwater-Ratine Curve 
Measured Water. Surface Data -Co ~struction Conditic 
t-- Discharge (cfs) Measurement 

1 Station Stage (ft above datum) 

-- 
-- 
Table 6.2. (Continued) 
Measurement 
Station Stage ( k above datum) 
4+33.50 711.63 712.22 712.871 713.41 1714.95 
* Tailwater meas lrement station 
Table 6.3. Measured Floodplain Water-Surface Data -Construction Condition 
Measurement Discharge (cfs) 
I 
Location 1000 1100 1200 1300 
Depth Stage Depth Stage Depth Stage Depth Stage 
A -- 0.22 717.55 0.75 718.08 1.02 718.35 
B -- -- -- -- 0.99 717.49 1.60 718.10 
C -- -- -- -- 0.43 718.01 0.82 718.40 
I 1.70 716.37 1.98 716.65 2.27 716.94 2.56 717.23 
J -- -- -- -- -- -- -- --
K -- -- -- -- -- -- -- --
L 1.30 716.38 1.58 716.66 1.87 716.95 2.11 717.19 
Note. "--" indicates no water at this location for this discharge 
Depth is given in feet and stage is given in feet above the datum 
Table 6.4. Calculated Culvert and Floodplain Discharge -Cons :ruction Condition 
Equation 6.1 Equation 6.2 Average Floodplain %E z q  
Culvert Culvert Culvert Discharge Discharge I 
Total Discharge Discharge Discharge Discharge Through I 
(cfs) (cfs) (cfs) (cfs) (cfs) Floodplain 
1200 1190 1089 1140 60 4 
1300 1276 1107 1192 108 
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Table 6.6. (Continued)\ TI Discharge (cfs) 1 300 1 400 1 500 1 600 1 700 1 800 1 900 1 1000 I 1100 1 1200 1 1300 1 
Measurement 

Station t above datum) 

716.25 716.501 716.81 
716.29 
* Tailwater measurement station 
Table i.7. Measurec 	 'ater-Surface Data -Weir ( 'ondition 
Discharge (cfs) 
Location 	
* Depth ! Stage Depth Stage 0.29 717.62 
I I. 
Note: "--" indicates no water at this loca ion for this discharge 
Depth is given i~ feet and stage is gven in feet above the datum 
Table 6.8. Calculated Culvert and Flood.~lain Discharge -\ 
Equation 6.4 Equation 6.5 Average Floodplain 
Culvert Culvert Culvert Discharge 
Total Discharge Discharge Discharge Discharge 
I 	 (cfs) (cfs) I (cfs) (cfs) (cfs) 
i i00 i100 997 i049 5 i  
1200 1126 1004 1065 135 
I300 , 1138 , 997 . 1067 . 3'2'2,,, 
1300 
Depth I Stage 
7eir Condition 
% of Total 
Discharge 
Through 
*
uogquo3 qaM uroy u am  s3uqeaa + 

uogqs luauramseam la)zMpL . 

T O ' S I L  8 9 ' E T L  
9 6 ' S I L  8 6 ' P T L  
P T ' 9 I  L  OZ'ST L  
P O ' S I L  S S ' P I L  T 6 ' E I L  O P ' E I L  

I 8 ' P I L  8 Z ' P T L  9 9 ' E I L  E T ' E I L  

0 8 ' P T L  8 Z ' P I L  E 9 ' E I L  Z T ' E I L  
  
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
Table 6.10. Measured Floodplain Water-Surface Data -Weir / Floodwall Condition 
Measurement 
Location 
A 
B 
C 
D 
E 
F 
G 
900+ 

Depth Stage 

1000+ 

Depth 
0.29 
Stage 
717.62 
Discharge (cfs) 
1100 

Depth Stage 

0.64 717.97 
1.34 717.84 
0.45 718.03 
0.61 717.99 
1.17 718.00 
1.23 717.98 
0.64 718.06 
1200 

Depth Stage 

1.10 718.43 
1.79 718.29 
0.91 718.49 
1.10 718.48 
1.65 718.48 
1.73 718.48 
1.07 718.49 
1300 

Depth 
1.84 
2.54 
1.63 
1.79 
2.42 
2.42 
1.79 
Stage 
719.17 
719.04 
719.21 
719.17 
719.25 
719.17 
719.21 
Note: "--" indicates no water at this location for this discharge 
Depth is given in feet and stage is given in feet above the datum 
+ Readings taken from Weir Condition 
Table 6.11. Calculated Culvert and Floodplain Discharge -Weir 1Floodwall 
Condition 
Total Discharge 

(cfs) 

1100 

1200 

13 00 

Equation 6.4 

Culvert 

Discharge 

(cfs) 

1128 

1170 

1257 

Equation 6.5 

Culvert 

Discharge 

(cfs) 

997 

1024 

l l O i  

Average Floodplain % of Total 

Culvert Discharge Discharge 

Discharge Through 
(cfs) (cfs) Floodplain 
1062 38 3 
1097 103 9 
1179 121 9 
-. - . 
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!6.13. Measured Floodplain Water-Surf: ce Data - Flow R.estrictor / Floodwall Condition 
Measurement Discharge (cfs) 
Location 
Depth 
0 
Stage 
7 1 . 6  
Depth 
2.43 
Stage 
719.76 
Depth 
2.61 
Stage 
719.94 
Depth Stage Depth Stage
T E - t d T T i
Depth 
3.20 
Stage 
720.53 
Depth 
3.38 
Stage 
720.71 
Note: indicates no water at this location for this disch "--I1 
Depth is given in feet and stage is given in feet above the datum 
Table 6.14. 
Culvert 
~wRestri :tor/ Floc 
7-
Floodplain % of Total 
Discharge Discharge 
Through 
Floodplain 
13 
dwall Condition 
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Figure 6.6. Floodplain Stages and Depths - Construction Condition - 1300 cfs 
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Figure 6.9. Head-Loss-Discharge Relationships for EE Service Bridge - Existing and Construction Conditions 
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Figure 6.12. Floodplain Stages and Depths -Weir Condition - 900 cfs 
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Figure 6.15. Floodplain Stages and Depths -Weir Condition - 1200 cfs 
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Figure 6.23. Rating Cuwe Comparison -Statinn 1+38.98 
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Figure 6.24. Rating Curve Comparison - Station 5+59.05 
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Figure 6.26. Floodplain Stages and Depths - Flow Restrictor / Floodwall Condition - 700 cfs 
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Figure 6.29. Floodplain Stages and Depths - Flow Restrictor 1Floodwall Condition - 1000 cfs 
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Figure 6.33. Rating Curve Comparison - Station 1+38.98 
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Figure 6.34. Rating Curve Comparison - Station 5+59.05 
7 University of Illinois Channel Improvements 
7.1 Motivation 
The final alterations that were made to the model involve the implementation of 
the channel and floodplain modifications to the University of Illinois reach. These 
modifications include: shifting the channel north from its existing location; lowering the 
channel grade line throughout the reach to match the work done in Champaign, including 
an additional decrease in the grade line for a sediment basin pool; removing the old EE 
service bridge and replacing it with a new structure; placing a floodwall along the east 
side of Wright Street; and re-grading the floodplain. The top of the floodwall is set at an 
elevation of 719.5 feet, with two overflow weirs at an elevation of 71 9 feet. The weirs 
are at the overlook located over the channel and at the Talbot Lab service drive. These 
designs are described more completely in the Joint Agency Permit Application (1998). 
With these final modifications in place in the model, it was possible to study the 
effects of the completed Boneyard flood control project upon the stages that are 
developed. The post-improvement rating curve, developed in Section 6.2 (Table 6.l), 
was used for testing this model condition in order to incorporate the effects of 
downstream channel and floodplain modifications. 
-1- - ------- *-- ---A<--" ll.."+-,.
1 IIC ILCw I I ~ U ~ U ~ I ~ G L G ~  c ~ U U S L ~~UC . L LL ~U I I ~  ated in Figure 7.1. 
Within this report, all data pertaining to mode! r,o!!ected with the Umiversity of 
Illinois channel improvements in place will be referred to as the U ofllmprovements. 
7.2. Stage Data 
Water-surface profiles were measured every 100 cfs for discharges ranging from 
300 to 1300 cfs for U of I Improvements. The measured water-surface profiles are 
plotted in Figure 7.2. They are also presented in Table 7.1. Floodplain stages and depths 
are given in Figures 7.3 through 7.9 and Table 7.2. 
The flow initially went over-bank at a discharge of 700 cfs upstream of the culvert 
system. This water ponded behind the floodwall and caused stages to become high 
enough to overcome the head losses associated with the culvert system. Thus, all of the 
flow passed through the culvert without engaging the floodwall's weirs. Both weirs 
became active and the floodwall was overtopped when the discharge was increased to 
800 cfs. 
Two flow conditions caused by the floodwall are especially worthy of note. Flow 
paths from Wright Street into the campus are very different with the floodwall present. 
Before the floodwall was put in place, the flow would concentrate in specific areas of the 
floodplain and rejoin the channel in discrete streams. The majority of the flow coming 
off of Wright Street rejoined the channel along the north stream bank; water only rejoined 
the channel along the south bank at high discharges. This behavior limited the amount of 
water that could threaten Everitt Lab. These flow patterns were altered once the 
floodwall was put in place. Flow passed into the campus along the entire length of the 
floodwall once it had been overtopped. This caused a substantial amount of water to flow 
against the outer wall of Everitt Lab before rejoining the channel. 
The floodwall also caused undesirable flow paths for the water passing over the 
weir located above the channel. Since the majority of the water passing over the weir 
originated on Healy Street, it had enough southerly momentum, at high discharges, to 
cause it to spill off the weir in a south-easterly direction, directly toward Everitt Lab. The 
water proceeded to flow past Everitt Lab along the top of the channel bank before 
rejoining the channel downstream. A photograph of this phenomenon is presented in 
Figure 7.10 for a discharge of 1000 cfs. 
The water spilling over the weir and floodwall in this manner is a cause of 
concern for several reasons. First, it poses a flood risk to the building even though the 
flow has not overtopped the stream bank by causing water to flow along the top of the 
south stream bank. Second, the force of the water coming off the weir and floodwall 
could cause some undesirable scouring of the top of the bank if not properly protected. 
Talbot Lab did not experience a flood risk for any of the discharges tested. 
7.3 Culvert System Behavior 
7.3.1 Head-Loss Relationships 
The AH vs. Q relationship was developed for the culvert system with the U of I 
improvements in place. It was necessary to develop a new relationship for the flow 
restrictor even though the discharge characteristics should not have been altered due to 
the channel modifications. It was no longer possible to take stage readings at the 
downstream measurement locations used in Section 5.4.2.1. The channel at station 
3+89.04 was covered by the overlook / weir structure, and it is no longer accessible for 
point gage measurements. The manometer tap at station 3+83.67 was moved during 
construction of the U of I improvements in the model. Thus, it was necessary to 
determine the AH vs. Q relationships between measurement stations 2+06.13 and 
4+04.29, and 2+85.33 and 3+61.75. The AH vs. Q relationships for the U of I 
improvements are plotted in Figure 7.1 1. 
7.3.2 Culvert Flow Capacity 
Based upon the relationships developed in Figure 7.11, the following two 
equations were derived for determining the total discharge through the culvert system 
based upon head-loss measurements: 
The caicuiated flow through the culvert and the floodplain is summarized in Table 
7.3.3 Culvert System Pressures 
The pressures on the culvert system were calculated using the procedure 
described in Sect~on 4.2.2.4. These data are presented in Table 7.4. Figures 7.12 through 
7.14 present the data graphically for the 800, 1000, and 1200 cfs flows. 
The floodwall along Wright Street acts to mitigate some of the effects of the flow 
restrictor that were described in Section 5.4.2.3. Although the upward pressures observed 
upstream of the restrictor are increased for the U of I Improvements, the additional water 
depth that is caused by the flood wall acts to decrease the net pressures on the culvert. 
However, the weight of the ponded water can cause a net negative pressure downstream 
of the flow restrictor for low discharges. The shear plane has developed in the culvert at 
the location of the flow restrictor and has a maximum pressure difference of 244 lb/fi2 at 
a discharge of 1000 cfs. 
7.4 Culvert Exit Conditions / Sedimentation Basin Characteristics 
7.4.1 Flow Velocities 
A study was performed in order to determine the flow velocities entering the 
campus reach of the Boneyard Creek. Flows exiting the Wright Street culvert entered the 
University campus with a high velocity once the restrictor had become active. This was a 
cause for concern for several reasons. The high velocities, coupled with the movement of 
the channel bed to the north, could potentially cause serious erosion problems along the 
south channel bank if it is not properly protected. Also, the efficiency of the 
sedimentation basin could be greatly reduced if the velocities are too high. 
Twelve measurement points were chosen within the sedimentation basin, three at 
model station 4+04.29, three at station 4+33 SO, three at station 4+74.05, and three at 
5+38.94. The measurement points were spaced equally along the channel width at each 
cross-section. This made it possible to deterrnine lateral as well as longitudinal variations 
in water velocity within the basin. The locations of the measurement points are shown in 
Figure 7.15. 
Flow velocity measurements were made with a 2-D electromagnetic velocity 
probe. The probe was connected to a computer with data acquisition software. Voltage 
outputs from the velocity probe were collected over a period of 15 seconds for each 
measurement with a sampling frequency of 100 Hz. The voltage outputs were then 
averaged over the 15 second period and converted to water velocity using the calibration 
equation 
Velocity (Ah) = Voltage (Volts) x 1.6404 (7.3) 
The velocities were then converted to prototype scale using the similarity relationship 
developed in Chapter 2 (Equation 2.6). 
Five measurements were taken within the flow depth at each measurement point 
in order to determine the velocity profile. These velocity profiles were then integrated 
over the flow depth in order to calculate an average flow velocity. Table 7.5 summarizes 
the velocity results for the 300, 500, 700, and 900 cfs prototype discharges. The direction 
of the velocity vectors is given in degrees clock-wise fi-om east. This data is also 
presented graphically in Figures 7.16 through 7.19. The average velocities at each depth 
are given in Appendix IV. Some general observations about the flow patterns are 
discussed below. 
The highest velocities encountered in the model occurred at Point 1, immediately 
downstream of the culvert along the south bank. The average velocity at this location 
ranged from 5.96 fils for the 300 cfs flow to 7.16 ftis for the 900 cfs flow. These 
velocities tend to be directed toward the south stream bank rather than in the direction of 
the channel. These measurements indicate that there is a cause for concern in this area of 
the channel. Velocities of this magnitude, directed toward the stream bank, have a large 
potential for erosion. Thus, there will be a need to provide extra protection for the bank 
in this area. 
The flow showed some unique characteristics along the north bank as well as 
fbrther downstream in the basin. The flow was relatively stagnant along the north stream 
bank at 300 cfs, having velocities ranging from 0.33 ft/s at Point 9 to 1.83 ft/s at Point 12. 
These velocities increased for the 500 cfs flow but then decreased slightly for the 700 cfs 
flow This behavior can be explained through two primary mechanisms. As the 
discharge was increased, a re-circulation pattern developed along the bank due to the 
interaction of the flow with the floodplain. This re-circulation caused a net decrease in 
the depth-averaged velocities. Also, the EE service bridge had the effect of decreasing 
flow velocities at high discharges due to the contraction of the channel area it presented. 
7.4.2 Bed Stresses 
It was possible to get an estimate of the shear stresses that are experienced by the 
bed using the average velocities calculated in Section 7.3.1. The assumption was made 
that the velocities follow a logarithmic profile and can be approximated by Keulegan's 
resistance relation: 
where U is the depth-averaged velocity, u* is the shear velocity, K is the von Karman 
constant (K = 0.4), H i s  the flow depth, and k, is the effective roughness height. Although 
the assumption of a logarithmic velocity profile is not strictly correct for many of the 
profiles measured, using this relationship allowed of a first approximation of bed shear 
stress to be made. 
It is possible to manipulate Equation 7.4 so that u* can be calculated. Once u* is 
known, it is a simple matter to calculate the bed shear stress, zb: 
z b  = PU? (7.9 
In order to use Equation 7.4, it was necessary to determine a value for the 
roughness height. A grain-size analysis had been performed upon the substrate layer of 
the sediment bar that is downstream of the Wright Street culvert. From this analysis, it 
was possible to determine the mean particle diameter (Dso). Garcia gives an estimate of 
k, for sand-bed streams based upon Dso (1999) 
k, = 2.5Dso (7.6) 
The results of the grain-size analysis are included in Appendix V. 
The bed shear stresses were calculated at each measurement point for the four 
discharges for which velocity data had been calculated. The shear stresses were 
calculated assuming a water temperature of 15 degrees centigrade, giving a water density 
of 1.936 slugs/ft3. The bed shear stresses are summarized in Table 7.6. Such values can 
be used to design the protection of the south bank of the creek by means of, for instance, 
rip-rap. 
7.4.3 Sedimentation Basin Effectiveness 
Julien (1 995) presents a relationship for determining the critical shear stress based 
upon the mean particle diameter (Dso) 
t,(lb/ft2)= 5 DSo (ft) (7.7) 
where t,is the critical bed shear stress for particle motion. 
Based upon this relationship, a critical shear stress of 0.0369 lb/ft2 was 
determined for the sediment encountered in the creek bed. Comparing this value to the 
shear stresses that are in Table 7.6, the effectiveness of the sedimentat,tion basin 
can be approximated. Due to the high shear stresses that occur along the south bank of 
the basin, little to no sedimentation will occur in thls area until close to the EE service 
bridge. Shear stresses are low enough along the north channel bank to allow for some 
sedimentation to occur, especially as the channel nears the EE service bridge. Thus, it 
can be predicted that a sediment bar will form along the north channel bank and gradually 
spread across the channel width near the EE bridge. It must be reiterated that the values 
of the bed shear stress, especially near the flow restrictor, may be under-represented due 
to re-circulating flow patterns. Thus, this analysis only provides a rough approximation 
of the effectiveness of the sedimentation basin. 
7.5 Flow Visualization Study 
A confetti flow visualization study was performed for the U of I Improvements in 
order to identify the dominant flow patterns that develop. Some observations are 
discussed below. 
7.5.1 800 cfs Discharge 
After entering the model, the flow followed the channel until approximately 
model station 0+84.83. At this point, a large portion of the flow was diverted from the 
channel and traveled along the west face of the Gaseous Electronics Lab and onto Healy 
Street. A secondary split occurred in the overland flow at the south-west corner of the 
Gaseous Electronics lab and a small portion of the flow traveled east and rejoined the 
main channel. 
Water from the parking lot entered Healy Street primarily between model stations 
0+84.83 and 1+24.01. Once on Healy Street, the flow traveled east, with the primary 
flow path north of the northern curb. A slow re-circulation pattern developed as the flow 
from Healy Street interacted with water ponded on Wright Street. This re-circulation 
caused a current that traveled west on Healy Street next to the buildings. 
Several distinct patterns developed as the flow approached the floodwall from 
Healy Street. The water coming off of Healy Street had a tendency to turn toward the 
south as it crossed Wright Street. The majority of the flow passed over the overlook weir 
located at the channel. A_ portion of the flow passed over the weir located at the Talbot 
service drive, and a smaller fraction passed over the floodwall itself. 
There were two distinct sources for the flow that passed over the overlook weir. 
The primary approach to the weir was from the north-west, consisting of water from 
Healy Street. At the south end of the weir, discharge was drawn from the water ponded 
on Wright Street. 
Due to the momentum of the flow traveling over the weir from Wright Street, and 
the contribution of water over the floodwall south of the weir, a substantial amount of 
flow traveled along the northern face of Everitt lab along the top of the channel bank. 
The flow remained on the bank until approximately station 4+98.24, at which point it 
rej oined the channel. 
Flow coming over the Talbot service drive weir traveled east through the parking 
lot. When the flow reached station 5+19.06, it took a ninety degree turn toward the south 
and rejoined the channel. 
The flow restrictor caused flow within the main channel to be extremely turbulent 
with few distinguishable patterns. One pattern that was noted was a re-circulation area 
that occurred immediately downstream of the overlook along the north bank of the 
channel. 
The flow patterns that are described in this section are illustrated schematically in 
Figure 7.20. 
7.5.2 1000 cfs Discharge 
The flow patterns observed for the 1000 cfs flow were the same as those for the 
800 cfs flow. 
7.5.3 1200 cfs Discharge 
The flow patterns observed for the 1200 cfs flow were the same as those for the 
800 cfs flow with several notable exceptions. Upstream of the culvert system, there is no 
longer a the secondary split of the overland flow at the south-west corner of the Gaseous 
Electronics Lab. At this discharge, the contribution of flow to the overlook weir fiom the 
water ponded on Wright Street was not noticeable. All of the water appeared to originate 
from Healy Street. Also, the re-circulating flow that was noted downstream of the 
overlook was no longer present. The flow downstream of the culvert appeared to be 
dominated by large, turbulence-generated vortices that were damped out once the flow 
passed through the EE service bridge. 
Table 7.1. Measured Water-Surface Data -U of I Improvements 
Discharge (cfs) 1 300 1 400 1 500 1 600 1 700 1 800 1 900 1 1000 I 1100 ( 1200 1 1300 

I Measurement 

I station Stage (ft above 

I I I 1 I 

* Tailwater measurement station 

-- 
Table 7.4. Culvert Pressures -U of I Improvements 
-
StationI TotalDischarge 2t06.13 ( 2t51.95 1 2+85.70 1 3+05.70 1 3+41.14 1 3+71.97 1 3+77.84 
Net Pressures (lb/fi2) I
r 
Table 7.5. Sedimentation Basin Velocities 

Discharge (cfs) 300 5( 3 700 9( 3 

Magnitude of Direction Magnitude of I Direction Magnitude of Direction 

Measurement I velocity I (Degrees cw velocity (Degrees cw velocity I (Degrees cw velocity (Degrees cw 

fiom east) fiom east) from east) from east) p
Point 2 4.48 

Point 3 0.37 

--
Point 4 4.86 5 

Point 5 1.42 357 

--
Point 6 0.47 239 

Point 7 4.09 356 

Point 8 1 2.61 1 358 

Point 9 0.33 341 

Point 10 2.17 347 

--
Point 11 2.27 350 

Point 12 1.83 351 





Figure 7.4. Floodplain Stages and Depths - U of I Improvements - 800 cfs 
--  -- 
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Figure 7.5. Floodplain Stages and Depths - U of I Improvements - 900 cfs 
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Figure 7.7. Floodplain Stages and Depths - U of I Improvements - 1100 cfs 
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Figure 7.8. Floodplain Stages and Depths - U of I Improvements - 1200 cfs 
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Figure 7.9. Floodplain Stages and Depths - U of I Improvements - 1300 cfs 











8. Comparison of Flood-Improvement Phases 
8.1 Comparison of Stages 
The most practical means of evaluating the effectiveness of the various phases of 
the Boneyard Creek flood improvement plan was through comparison of the stage 
response upstream and downstream of the Wright Street culvert system. This comparison 
was important because the culvert system has proven crucial in determining the discharge 
at which flooding initially occurs within this reach of the Boneyard Creek. For this 
analysis, the average stage upstream and downstream of the culvert system was used. 
This was done in order to characterize the general response of the system to the channel 
modifications without placing too much emphasis on variations in the rating curves 
caused by bends in the channel and other minor geometric factors. The Existing 
Condition provided a base-line with which to compare the effectiveness of the three other 
primary flood-improvement phases: the Lamar Improvements, the Lamar Improvements 
w/ Restrictor, and the U of I Improvements. 
The average rating curves downstream of the culvert system are plotted in Figure 
8.1 for the four conditions described above. The two Lamar Improvement phases 
produced stages downstream of the culvert that were almost identical to the Existing 
Condition for all discharges. This result was expected since the channel and tailwater 
conditions were not altered from the Existing Condition for these two phases. Stages 
were dramatically decreased for the U of I Improvements. At a discharge of 300 cfs, a 
maximum stage difference of approximately 4 feet was observed between the U of I 
Impro\~ements and the Existing Condition. The stage difference gradually decreased to a 
nearly constant value of approximately 0.5 feet once the dischxge was increased above 
800 cfs This response can be attributed primarily to the lowered tailwater rating curve 
that was applied to the model for the U of I Improvements. 
-.The effects of the improvements can be observed more readily on the rating 
curves upstream of the culvert system. These data are plotted in Figure 8.2. The stages 
observed for the Lamar Improvements are lower than for the Existing Condition for all 
discharges. This difference is approximately 0.75 feet for discharges ranging from 300 to 
700 cfs, and increases to approximately 1.25 to 1.5 feet above 800 cfs. Improvements 
that were made to the culvert while implementing the Lamar Improvements can explain 
the additional decrease in stage that was observed at higher discharges. Stages for the 
Lamar Improvements wl Restrictor are generally higher than were observed for the 
Existing Condition, varying between approximately 0.4 to 2.4 feet. This effect is 
attributable to the additional head that must be developed upstream of the flow restrictor 
in order to force the discharge through the culvert. The overall stage response to the U 
of I Improvements demonstrates the effects of both the flow restrictor and the floodwall. 
Stages are lower for the U of I Improvements than were observed for the Existing 
Condition for discharges less than 630 cfs, with a maximum stage difference of 4.5 feet at 
300 cfs. The stages for the U of I Improvements surpassed those for the Lamar 
Improvements wl restrictor at a discharge of 750 cfs due to the increased water-surface 
elevations induced by the combined effects of the flow restrictor and floodwall. 
It was also possible to use the average upstream rating curve to pinpoint the 
discharges at which the weirs and floodwall were activated for the U of I Improvements. 
It was possible to ascertain, from previous observations of the model, that the weirs were 
activated at a discharge between 700 and 800 cfs. From the data presented in the rating 
curve, it was possible to determine that the stage upstream of the culvert system reached 
an elevation of 719.00 feet (the height of the weirs) at a discharge of 750 cfs. The 
floodwall was overtopped when the upstream stage reached an elevation of 719.50 feet. 
This occurred at a discharge of 775 cfs. 
8.2 Comparison of Culvert System Performance 
The modifications that were made to the channel had a large impact on the 
behavior of the culvert system. The calculated culvert discharges for the four primary 
model phases are summarized in Table 8.1. 
The capacity of the culvert system varied greatly depending upon the channel 
modifications that were in place. The implementation of the Lamar Improvements 
increased the culvert's capacity by a factor of approximately 1.3. Placing the flow 
restrictor in the culvert without the U of I improvements decreased the culvert's capacity 
to 0.66 times its initial capacity and to 0.5 times its capacity with the Lamar 
Improvements. Once the U of I Improvements had been constructed and the tailwater 
condition modified, the discharge through the culvert increased to 0.84 times its initial 
capacity. 
8.3 Evaluation of Overall System Performance 
The primary goal of the model study was to determine if the proposed 
improvements, once constructed, will achieve the desired level of flood protection for 
Champaign, Urbana, and the U of I campus. From the data presented in the previous 
chapters, it is possible to evaluate the success with which the channel improvements 
achieve their goals. 
In order for the flood control measures to be successful, they must provide 
protection for discharges less than the 25 year storm event for Champaign and the 100 
year storm event for Urbana and the U of I campus. These storm events correspond to 
discharges of 695 cfs and 800 cfs, respectively, once the Healy Street detention basin and 
the Lamar In-Line Storage are on-line. 
The Lamar Improvements, without the flow restrictor, provide adequate 
protection for Champaign but potentially increase the risk to Urbana and the U of I. 
Over-bank flow was not encountered until the discharge was increased to 1100 cfs in the 
model. Examining the calculated culvert capacity for this condition, it is possible to 
assert that flooding occurred at approximately 1060 cfs. Although the greatly increased 
capacity of the culvert is desirable for Champaign, it is potentially detrimental 
downstream. The storage that is available within the channel is much less than the 
storage that is available in the floodplain. Thus, with increased discharges traveling 
completely within the channel, the ability of the system to mitigate the flood peak is 
decreased and it is likely that the magnitude of the discharges passed downstream will 
increase. 
The Lamar Improvements wl Restrictor present several problems. Over-bank 
flow first occurred when the discharge was increased to 700 cfs, and was probably 
initiated at a discharge closer to 600 cfs. This condition did not provide a suitable level 
of protection for Champaign, only providing protection for the 10 year storm event. The 
Lamar Improvements wl Restrictor also caused potential problems downstream. 
Although this condition decreases the magnitude of the discharge through the culvert and 
utilizes the storage available in the floodplain, it caused a fair amount of flooding in the 
area around Talbot and Everitt Labs. This flood risk caused by overland flows 
originating upstream is unacceptable. Therefore, since the stages developed upstream of 
the flow restrictor are heavily dependant upon the tailwater conditions, it is not 
recommended that the full flow restrictor be installed until modifications can be 
implemented within the U of I campus. 
The U of I Improvements, incorporating all of the proposed channel 
modifications, achieved the 25 year level of protection in Champaign and nearly achieved 
the 100 year level of protection for the campus. Flooding first occurred in Champaign 
when the discharge was increased to 700 cfs. Using the calculated culvert capacity for 
this condition, it was possible to determine that over-bank flow occurred at a discharge of 
approximately 694 cfs. The 25 year s tom event discharge is 695 cfs. Thus, the 25 year 
level of protection is provided for Champaign. The 100 year level of protection is not 
provided completely for the campus, however. The floodwall is overtopped prior to a 
discharge of 800 cfs; the 100 year storm event discharge is 804 cfs. 
There are several other factors that must be examined when evaluating the U of I 
Improvements. The first factor is the necessity of the floodwall. The 25 year level of 
flood protection is provided for Champaign, but with the floodwall in place, stages 
increase dramatically once the flow goes over-bank. It would be possible to decrease 
these stages and potentially decrease flood damages if the floodwall were removed. 
Although the 100 year level of protection is not provided for the entire campus, the 
portion that would be at risk if the floodwall were removed is undeveloped. The 
proposed contouring of the floodplain between Talbot and Everitt labs directs the 
floodwaters away from the buildings and causes it to rejoin the channel close to the exit 
of the culven Another factor that must be considered is the approach direction for the 
flow passing over the overlook weir. Since the majority of the flow passing over the weir 
originates on Healy Street, the water travels over the weir with a good deal of momentum 
to the south-east. This causes the water to spill onto the south stream bank directly 
toward Everitt lab. This water could pose a potential flood risk even though flows are not 
over-bank at this discharge. Thus, it is recommended that the necessity for the floodwall 
be examined. If it is decided that the floodwall must be incorporated in the final design, 
measures should be taken to insure that Everitt lab is protected fiom the flows that pass 
over the weir. 
Table 8.1 
Discharge Culvert Discharge 
Existing 
Conchtion 
1090 I 529 1 NIA 
1077 I 516 I NIA 
* Flows were completely in-channel 
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9. Summary and Conclusions 
A 1 to 16 scale model of an approximately 600-foot-long reach of the Boneyard 
Creek, centered on Wright Street, was built in the University of Illinois Hydrosystems 
Laboratory. The intent of the model study was to provide stage data that could be used to 
corroborate the results of a numerical modeling effort, to experimentally determine the 
values of hydraulic parameters within the culvert, and to aid in determining the effects 
that channel modifications would have upon the system as a whole. 
After construction of the model, the first phase of research involved verifying and 
calibrating the model against available field data. The model was calibrated using data 
obtained from an Illinois Department of Natural Resources crest-stage gage as well as the 
results of an HPG / HEC-RAS analysis of the channel reach. Although the model tended 
to under-predict stages at low discharges and over-predict at high discharges, it agreed 
with the measured field stages to within 0.3 feet. Thls was considered acceptable for the 
study. 
The next phase of the research involved testing the model with Existing 
Conditions, implementing and testing the Lamar Improvements, and finally, 
implementing and testing the University of Illinois Improvements. Water-surface 
profiles were measured for each of these cases for discharges ranging from 300 to 1500 
cfs for the Existing and Lamar phases, and 300 to 1300 cfs for the U of I phase. The 
value for the discharge coefficient for the flow restrictor was detemined from this data, 
as well as the maximum capacity of the culvert and other parameters such as the friction 
factor, Manning's n, and conveyance factor. 
The stated goal for the channel improvement designs is to provide protection from 
the 25 year storm event for Champaign and Campustown, and to provide protection from 
the 100 year storm for the U of I campus and Urbana. These storm events correspond to 
discharges of 695 and 804 cfs, respectively. 
Using the model test results, it was possible to draw several conclusions about the 
effectiveness of the flood-control measures. The Lamar Improvements provided 
adequate protection for Champaign and Campustown, but increased the risk to the U of I 
campus and Urbana. Stages were dramatically reduced upstream of the Wright Street 
culvert for all discharges with the Lamar Improvements in place, and the ability o f  the 
culvert to convey discharge was increased. The combined effects of these flow 
conditions acted to increase the flood risk to the U of I campus and Urbana by decreasing 
the amount of temporary storage that was available within the floodplain. With the 
storage decreased, the ability of the system to mitigate flood peaks was also decreased, 
and downstream reaches were put at risk. 
A flow restrictor within the Wright Street culvert has been proposed in order to 
decrease the potentially harmhl effects of the Lamar Improvements. The flow restrictor 
has been designed to increase stages within Campustown in order to utilize floodplain 
storage and decrease the peak discharge that is allowed downstream. Since the purpose 
of the flow restrictor is to increase stages within Campustown in order to provide an 
adequate level of protection downstream, it is important that the flow restrictor be 
designed carefully. if the restrictor is over-designed, it will cause unnecessary flooding 
in Campustown. If the flow restrictor is under-designed it will increase flooding 
downstream within the U of I campus and Urbana. 
Model results indicate that the design of the flow restrictor, as presented in the 
permit application, does over-restrict the flow and causes unnecessarily high stages 
upstream. A discharge coefficient of 0.78 was used for the initial design, but model 
results indicate that a value of 0.68 is more appropriate. Therefore, it is recommended 
that the flow restrictor be redesigned using this new value for the discharge coefficient in 
order to provide suitable flood protection, both upstream and downstream of the flow 
restrict or. 
The U of I Improvements, incorporating all of the proposed channel 
modifications, provides the 25 year level of protection for Champaign and nearly 
provides the 100 year level of protection for the U of I campus. One aspect of the U of I 
Improvements that must be examined more closely is the necessity of the floodwall to be 
located along the east side of Wright Street. Although the completed channel 
modifications provide the desired level of protection for Campustown, once over-bank 
flows occur upstream of the floodwall, stages increase dramatically and could result in 
substantial flood damage in Campustown. Most of the area that would be immediately 
affected by the removal of the floodwall is undeveloped; therefore, other than a slight 
decrease in the overall floodplain storage, removing the floodwall could decrease 
damages during a flood and not result in any substantial increase in the flood risk to the U 
of I campus. 
The flow patterns that are developed by the floodwall are also a reason for 
concern. The water that passes over the weir located over the channel has a great deal of 
momentum to the south-east as it travels down Wright Street. This causes the water to 
spill over the weir and onto the south stream bank where it flows past Everitt Lab before 
rejoining the channel downstream. This effect is undesirable for several reasons. Not 
only does it pose a serious risk of flooding for Everitt Lab, but thls flow also has the 
potential to scour a large portion of the channel bank if it is not properly protected. 
The flow restrictor could also have some potentially undesirable effects 
downstream of the Wright Street culvert for the U of I Improvements. The velocities that 
occur as the flow passes underneath the flow restrictor are fairly high. Since the channel 
has been moved to the north for the U of I Improvements, these velocities could result in 
damage to the south stream bank if it is not properly armored. Also, the high velocities 
could compromise the efficiency of this portion of the channel as a sedimentation basin. 
The model was also used to predict the effects of construction within the U of I 
reach upon discharges entering Urbana. For this phase of testing, a modified tailwater 
curve was applied to the model in order to simulate construction. The role of the EE 
service bridge in controlling the magnitude of the discharges that were allowed 
downstream was determined. Based upon the results of this analysis, it was determined 
that the EE service bridge would be inadequate to protect Urbana from increased 
discharges during construction. Thus, various alternatives for temporary control 
structures were examined. These alternatives included: placing a broad-crested weir 
across the channel, utilizing the weir and the Wright Street floodwall, and coupling the 
Wright Street flow restrictor with the floodwall. 
Overall, the channel and floodplain modifications do a satisfactory job of 
achieving the stated flood control objectives. However, as indicated in this report, there 
are various aspects of the current designs that need to be re-evaluated before a final 
design is decided upon and implemented within the U of I reach of the Boneyard Creek. 
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Appendix I 

I 
Table AI.1. Dall Flow Tube Calibration Data 
Table AI.2. 65"V-Notched Weir Calibration Data 
Height of Weir Apex = 0.785 
Height of W.S. Head Deflection Time (s) Avg. Time 
(ft) (ft) (in) Trial 1 Trial 2 Trial 3 (s)
m 
1.655 0.87 7.19 4.8 4.7 4.9 4.8 
1.577 0.792 4.11 6.3 6.2 6.6 6.4 
1.519 0.734 2.68 8.3 8.3 8.3 8.3 
1.393 0.608 0.97 14.1 13.7 13.9 13.9 
1.302 0.5 17 0.47 21.4 21.2 21 21.2 
1.238 0.453 0.18 29.1 29.3 29.5 29.3 
1.145 0.36 0.11 51.9 51.7 51.8 51.8 
Volume 
(fi3) 
6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
6.04 
Q 
(cfs) , 
1.258 
0.949 
0.728 
0.435 
0.285 
0.206 
0.117 
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Table AII.1. Friction Factor and Manning's n Calculation - Existing Condition 
Table AIL1. (Continued) 
Prototype Model Prototype Model 
culvert = 
Temp = Temp = 25 
f = 
n = 
0.053971 
0.025082 
f = 
n = 
0.053971 
0.015801 
Prototype 
culvert = 
Modei Prototype 
QtotalZ 
Qcu~vert= 
1500 
807 
Moaei 
Qtotal= 
Q C u e= 
1.464844 
0.788086 
I I I I I I 
Table AII.2. Friction Factor and Manning's n Calculation - Lamar Improvements 
Table AII.2. (Continued) 
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Calculation AIII.1. Broad-Crested Weir Height 
Example Calculation (Q = 300 cfs) 
E l .  = 712.38 a 
" ti 
I 
1 
E l ,  = 708,OO 
d1=712.38- 708 = 4.38' 
h = d l - H  
Broad-Crested Weir Theory (Hwang and Hita, 1987) 
H=2.92 (by iteration) 
h = 1.47' 
Table AIII.1. Weir Height Calculations 
Q W.S. Elevation dl  H h Avg. Weir Height 
(cfs) (ftabovedatum) (ft) (ft) (ft (ft) 
300 71 2.38 4.38 2.92 1.47 
400 71 2.93 4.93 3.50 1.43 
500 71 3.53 5.53 4.04 I.50 
600 714.17 6.17 4.55 1.62 
700 71 4.86 6.86 5.04 1.82 
Appendix IV 

Table IV.1. Sedimentation Basin Velocity Profile Measurements - 300 cfs 
- - - - 
Point 1 Point 2 Point 3 
Depth DepthX-Velocity X-VelocityY-Velocity Y-Velocity Depth X-Velocity Y-Velocity 
(ft) (ft)( c d s )  ( cd s )( c d s )  ( c d s )  (ft) ( c d s )  ( c d s )  
0.262 0.2675 1.425 34.3627.174 1.738 0.263 -1.043 -4.119 
0.209 0.21354.452 39.5048.180 4.902 0.210 -1.840 -4.361 
0.157 0.16052.228 41.6108.078 5.998 0.158 0.121 -3.558 
0.105 0.10746.197 38.7728.794 6.219 0.105 3.664 -1.661 
0.052 0.05339.114 3 1.795 8.116 4.834 0.053 7.673 1.018 
Point 4 Point 5 Point 6 
Depth DepthX-Velocity X-VelocityY-Velocity Y-Velocity Depth X-Velocity Y-Velocity 
(ft) (ft)( c d s )  ( c d s )( c d s )  ( c d s )  (ft) ( c d s )  ( c d s )  
0.355 0.35337.134 9.1421.080 -2.712 0.355 -6.402 -6.347 
0.284 0.28241.188 8.7303.668 -3.137 0.284 -4.759 -3.743 
0.213 0.21245.280 11.6735.782 -1.093 0.213 -0.572 -4.636 
0.142 0.14143.056 14.8655.378 1.591 0.142 2.888 1.142 
0.071 0.07136.255 16.0273.697 2.887 0.071 0.973 -1.429 
-- - --- 
Point 7 Point 8 Point 9 
Depth Y-VelocityDepthX-Velocity X-VelocityY-Velocity Depth X-Velocity Y-Velocity 
, (ft) ( c d s )(ft)(crn/s) ( c d s )( c d s )  (ft) ( c d s )  ( c d s )  
0.362 -3.0280.3613 1.609 18.487-5.328 0.360 1.986 -1.042 
0.289 -0.5160.28930.828 20.651-2.285 0.288 4.582 -1.906 
0.217 1.5080.21735.443 27.453-0.322 0.216 6.433 0.168 
0.145 -0.0950.14438.230 24.995-1.009 0.144 3.003 -0.145 
0.072 -1.4800.07234.545 18.455-1.998 0.072 -2.770 -1.494 
Point 10 Point 11 Point 12 
Y-VelocityDepth DepthX-Velocity X-Velocity Y-Velocity Depth Y-VelocityX-Velocity 
( d s )(ft) (ft)( c d s )  (cmls) ( c d s )  (ft ( c d s )( c d s )  
-4.2580.364 0.36819.554 20.528 -3.084 0.370 -1.61416.035 
-4.0350.291 0.29418.156 19.615 -2.973 0.296 -3.19917.775 
-3.9460.219 0.22118.252 19.244 -3.364 0.222 -1.98616.115 
-3.3980.146 0.14716.470 17.465 -3.456 0.148 -3.50813.772 
-4.0780.073 0.07414.679 15.064 -3.527 0.074 -1.66311 -203 
*Note : Velocities and depths are given in model scale 
Table W.2. Sedimentation Basin Velocity Profile Measurements - 500 cfs 
Point 1 Point 2 Point 3 
Depth Y -Velocity X-Velocity DepthY -Velocity X-Velocity Depth X-Velocity Y -Velocity 
(ft) ( d s )( d s )  (ft>( d s )  ( c d s )  (fi) ( cds )  (cds)  
0.361 11.11145.453 0.37110.306 43.510 0.368 30.029 12.005 
0.289 10.60849.300 0.2979.577 47.417 0.294 22.906 7.742 
0.217 9.29453.013 0.2238.656 43.390 0.221 11.343 1.779 
0.144 7.14752.658 0.1489.755 37.025 0.147 8.514 -1.174 
0.072 3.80444.531 0.0749.945 27.502 0.074 -2.236 -3.961 
Point 4 Point 5 Point 6 
Depth Y-VelocityDepthX-Velocity X-VelocityY-Velocity Depth X-Velocity Y-Velocity 
I 
(ft) ( cds )(ft)( cds )  ( c d s )( cds )  (ft) ( cds )  (cm/s) 
0.468 6.1060.46740.376 26.3644.944 0.472 14.191 6.76 1 
0.375 5.2990.37341.893 23.1665.766 0.377 11.297 2.985 
0.281 2.9440.28038.107 18.7835.301 0.283 8.162 -1.214 
0.187 1.6940.18731.996 14.9803.729 0.189 5.857 -3.837 
0.094 -3.2660.09324.645 9.2220.961 0.094 1.959 -2.695 
I 
Point 7 Point 8 Point 9 
Depth Y-Velocity Y-VelocityDepthX-Velocity X-Velocity Depth X-Velocity Y-Velocity 
(ft) ( d s )  ( d s )(ft)( cds )  ( c d s )  (ft) ( c d s )  (cds)  
0.479 0.3 17 0.3 12 0.47829.748 29.287 0.482 20.101 1.938 
0.383 -0.164 0.9570.38232.487 28.042 0.385 21.390 1.357 
0.288 -1.246 -1.0590.28727.222 23.537 0.289 16.737 0.075 
0.192 -2.112 -1.6870.19126.565 16.135 0.193 13.134 -2.493 
0.096 -4.243 -3.2230.09619.779 15.047 0.096 8.160 -3.570 
Point 10 Point 11 Point 12 
X-irelocity Y-Velocity Depth X-Velocity Y -Velocity Depth X-Velocity Y -Velocity 
(cmls) ( cds )  (ft) (cmls) ( cds )  (fi) ( cds )  (cds)  
16 785 -2.217 0.478 20.539 -3.288 0.480 22.637 -5.584 
17 689 -3.419 0.383 20.039 -4.341 21.618 -5.307 
17 842 -4.138 0.287 21.289 -4.796 21.580 -5.914 
vei&iues and depths are given in model scale 
Table N.3 .  Sedimentation Basin Velocity Profile Measurements - 700 cfs 
---. 
Point 1 Point 2 Point 3 
Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity 
(ft) (W s )  ( d s )  (ft) ( c d s )  (cds)  (ft) (cmls) ( cds )  
0.555 5 1.628 22.327 0.564 31.932 22.102 0.551 14.846 14.384 
0.444 57.077 12.152 0.451 25.076 11.826 0.441 4.390 1.642 
0.333 57.491 7.189 0.339 10.107 -1.418 0.331 2.532 1.239 
0.222 49.704 5.635 0.226 5.837 -0.858 0.220 -5.453 -2.652 
0.111 42.168 4.698 0.113 0.698 -2.484 0.110 -4.726 -9.695 
Point 4 Point 5 Point 6 
Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity 
(ft) ( cds )  ( d s )  (ft) ( c d s )  ( cds )  (f-0 ( cds )  (cm/s) 
0.654 45.913 12.682 0.654 28.425 14.669 0.658 22.337 12.834 
0.523 33.449 7.03 1 0.523 16.870 8.498 0.527 17.026 5.069 
0.393 25.236 1.565 0.393 7.357 2.588 0.395 12.942 -3.006 
0.262 20.454 0.371 0.262 7.738 -7.446 0.263 8.695 -7.542 
0.131 19.934 1.753 0.13 1 4.854 -13.353 0.132 5.827 -9.970 
. 
Point 7 Point 8 Point 9 
3 

Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity 
(ft) (cmls) (cm/s) (ft) ( c d s>  ( d s )  (ft) ( d s )  ( d s )
I 
0.673 34.059 2.368 0.664 3 1.689 4.881 0.673 28.086 8.393 
n nn20.538 22 555 u . 7 ~ ~  0.531 20.281 3.105 0.538 I 18.041 i 3.793 1 
0.404 17.569 0.544 0.399 13.809 1.19 1 0.404 11.240 2.850 
0.269 17.728 -0.909 0.266 11.175 -1.374 0.269 6.986 0.028 
0.135 11.926 -0.931 0.133 7.748 -0.96 1 0.135 4.954 -4.868 
*Note : Velocities and depths are given in model scale 
Table IV.4. Sedimentation Basin Velocity Profile Measurements - 900 cfs 
Point 1 Point 2 Point 3 
Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity 
(ft) ( c d s )  ( c d s )  (ft> ( c d s )  ( cd s )  (ft) ( c d s )  ( cd s )  
0.593 61.623 23.926 0.638 31.164 23.892 0.633 12.639 16.957 
0.475 63.168 14.701 0.511 26.143 18,241 0.506 12.256 10.750 
0.356 62.847 9.739 0.383 14.362 4.687 0.380 7.625 2.826 
0.237 60.179 8.627 0.255 0.809 -4.182 0.253 1.558 -5.181 
0.119 40.352 4.428 0.128 -3.366 -8.864 0.127 0.596 -9.141 
Point 4 Point 5 Point 6 
Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity 
(ft) ( c d s )  (cm/s) (ft) ( c d s )  ( cd s )  (ft) ( c d s )  ( cd s )  
0.734 47.274 17.039 0.728 30.997 19.714 0.734 21.976 13.826 
0.587 32.751 9.510 0.583 22.796 10.976 0.587 18.020 4.776 
0.441 20.483 1.917 0.437 12.981 -0.375 0.441 13.697 -6.528 
0.294 14.684 -3.032 0.291 9.710 -4.159 0.294 9.178 -8.945 
0.137 9.317 -3.558 0.146 5.251 -12.192 0.147 7.388 -9.261 
b 
Point 10 Point 11 Point 12 
L 
Depth N-Velocity Y-Velocity Depth X-Velocity Y-Velocity Depth X-Velocity Y-Velocity 
(fi, ( c d s )  ( d s )  (ft) ( d s )  ( cd s )  (ft> ( c d s )  ( cd s )
I 
0.715 11.921 -2.923 0.744 17.734 -4.766 0.747 20.338 -8.724 
"Note v'e~ozitiesand depths a e  give= in iiiodel s c se  
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